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Self-Determination in Transportation: The Route to Social Inclusion for People with Disabilities 
by 
Jessica Murray 
Advisor: Dr. Kristen Gillespie-Lynch 
People with disabilities encounter many challenges with transportation but are not usually 
considered in research about travel behavior and well-being. Research on transportation 
challenges is often disability-specific even though different access needs can complement or 
conflict with each other. I argue that disability should be centered in the study of travel and well-
being because it magnifies problems that may also frustrate people who do not currently consider 
themselves disabled. The goal of the dissertation was to identify how basic psychological needs 
for autonomy, relatedness, and competence apply to the context of transportation and identify 
ways to measure fulfillment and frustration of those needs.  
Mixed methods including surveys and travel diaries were used to measure basic 
psychological needs in transportation and explore the relationships between psychological needs, 
flourishing, and moods associated with daily travel. Two surveys were conducted among a broad 
sample of people living in the New York metropolitan area to develop measures of psychological 
needs in transportation and explore which types of disabilities are associated with transportation 
difficulties and unfulfilled needs. A novel digital travel diary method using free software 
applications was also developed to collect GPS location history and daily surveys about best and 
worst trips, impediments, and moods, which were compared to survey measures. 
There was a positive relationship between the fulfillment of basic psychological needs in 





transportation that thwart basic psychological needs than participants without disabilities. Self-
reported difficulty with transportation was correlated with lower well-being. The travel diaries 
showed that there were no group differences between disabled and nondisabled participants in 
the average number of obstacles experienced, and nondisabled participants reported more delays 
on average than disabled participants. However, experiencing obstacles and delays had a greater 
negative influence on mood and well-being for disabled participants, which may be a result of 
previous difficult experiences with transportation. Transit agencies and policymakers should 
consider basic psychological needs fulfillment, including improving accessibility, encouraging 
disability awareness and etiquette, and ensuring information access, to encourage better 
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Chapter 1: Introduction 
This dissertation examines how environmental factors in transportation affect 
motivational processes that influence the daily behaviors of people with disabilities. The goal is 
to better understand the motivational and psychological processes involved in daily travel while 
applying a "disability lens" to transportation and mobilities research. I draw on the social model 
of disability—the idea that disability is the product of an inaccessible environment (Shakespeare, 
2006)—and the universal model of disability—the notion that disability is not a monolith, but 
affects individuals to different degrees and at different times in their lives (Zola, 2005). The 
universal model also recognizes the failure of society to adapt for disabilities, and that functional 
limitations vary across individuals and age groups. Taken together, these critical 
conceptualizations of disability point to environmental limitations in transportation as a source of 
inaccessibility, while also recognizing that functional limitations present individual challenges 
that need accommodations and support. The transportation and mobilities literature lacks both a 
critical assessment of the challenges people with disabilities encounter, and a substantial body of 
psychological research. Starting with an ecological framework, the studies documented here 
were designed to understand how issues from different domains contribute to overall well-being 
or flourishing, applying self-determination theory (Ryan & Deci, 2017) to transportation. I am 
particularly interested in how transportation barriers impact the development of working-age 
adults, who may become socially isolated as a result of inaccessible transportation. My hope is 
that the research can inform potential interventions to change this developmental outcome. 
The overarching goals of the dissertation are to measure how basic psychological needs 
are thwarted or supported in transportation settings, to explore how this impacts short-term and 





site is New York City, which has the most extensive public transit network in the United States 
and the most potential to serve people with disabilities who cannot drive, but still falls short of 
providing adequate access to many people with disabilities.  
The three studies in this dissertation attempt to expand the limited research about people 
with disabilities in transportation and well-being literature. At the same time, they attempt to 
address limitations of methodological and measurement issues found in the literature, like a 
binary conceptualization of disability, and single-day cross-sectional diaries to measure mobility 
behaviors. For example, I used a mix of cross-sectional surveys and travel diaries to understand 
hedonic and eudaimonic well-being associated with daily travel, and to capture self-reported 
mobility, realized mobility, travel problems, and resulting moods. Additionally, I used cross-
disability measures (e.g., asking about different disability types instead of asking a yes/no 
question) in order to understand how disability intersects with transportation in ways that are not 
typically found in the literature. Participants came from New York City and the surrounding 
areas. People with disabilities were oversampled. Many types of disabilities were analyzed and a 
sample of people without disabilities was included as a comparison group. The goal of the 
dissertation was to understand how perceptions of transportation challenges and travel 
experiences are different for people with disabilities than for people without disabilities.  
Background and Literature Review 
Limited access to transportation leads to poor developmental outcomes like social 
isolation (Delbosc & Currie, 2011). For adults who are born with a disability or become disabled 
in mid-life, limited access to transportation often translates to limitations to other opportunities. 
This can impact development through a process of social exclusion, which has been described as 





Lapeyre, 1997). This dissertation focuses on the daily travel experiences and behaviors of people 
with disabilities, using a universal model of disability (Zola, 2005). This universal framework 
seeks to understand bodily and environmental mobility constraints and their impact on 
motivation to travel, and by extension, to engage in other activities. 
Models and Measurement of Disability 
Disability is “complex, dynamic, multidimensional, and contested” (World Report on 
Disability, 2011). The World Health Organization defines disability as an "umbrella term, 
covering impairments, activity limitations, and participation restrictions" (WHO | Disabilities, 
n.d.). Disease and disability are intertwined historically, but in modern times, disability and 
disease can be mutually exclusive. The medical model of disability is a way of understanding 
disability as a problem that must be cured in order for individuals with disabilities to fit into 
society (Olkin, 1999). This was the predominant conception of disability from the mid-1800s 
until the 1980's when the World Health Organization created the International Classification of 
Impairments, Disabilities and Handicaps (ICIDH; WHO, 1980), later renamed the International 
Classification of Functioning, Disability and Health (ICF). The ICF attempts to standardize 
disability measurement for comparisons between countries (Hurst, 2003). Under this new 
conception, environmental factors are a key component of a person's disability and there is a 
greater recognition that societal changes are needed to support rehabilitation.  
The social model of disability challenges the idea that disability is an individual's deficit, 
focusing instead on society's inability to socially and architecturally include people with 
disabilities (Shakespeare, 2006). This reframing of disability began decades earlier in the United 
States, when people with disabilities, many of whom were veterans from World War II, began 





undertaken with the conception of society's disabling of the individual, instead of the other way 
around, was transformative. The Americans with Disabilities Act of 1990 followed years of 
activism by a group of disabled people who worked closely with leaders of the civil rights 
movement and modeled their movement around the struggle for rights (Davis, 2016). However, 
the social model of disability has also received criticism for ignoring the realities and limitations 
of some disabled bodies (Shakespeare & Watson, 2001).  
The universal model of disability recognizes that disability is neither a category affecting 
a minority of the population nor a fixed state for individuals, but a part of the human experience 
that changes for every individual over time (Zola, 2005). Transportation systems, especially 
public transit, should be designed for individuals at every life stage, for people on many 
spectrums of disability, and for experiences across various senses and functioning; yet, very few 
transportation studies approach the topic from a universal perspective. The universal model is 
especially important in the context of shared transportation systems, where access needs can 
overlap or conflict (Cooper et al., 1991). Few studies examine the social, structural, and 
psychological barriers to transportation together, even though all of these types of barriers have a 
compounding impact for people with all types of disabilities which leads to a shared outcome of 
limited mobility.  
Disability Rights and Legal Frameworks 
While the philosophical and religious evolution of human rights has taken place over 
several millennia, legal frameworks for disability rights are fairly recent and follow a long 
history of exclusion of disabled people from society. In the formative years of the United States, 
people with disabilities were often seen as unable to contribute due to an inability to work, 





& Schweik, 2009). The proliferation of disabled Civil War veterans and disfigured industrial 
workers in the mid-19th century led some cities to draft "ugly laws" to keep disabled people 
from begging in public. The disability rights movement began to form only after disabled WWII 
veterans began to return home. The Eastern Veterans Paralyzed Association formed in 1946 with 
demands for inclusion in the workforce, and better access to housing and transportation. Another 
activist group, Disabled in Action, formed in 1970 and its members demanded full inclusion of 
people with all kinds of disabilities in every part of society. Their conception of rights was 
modeled after the civil rights movement, and they learned from civil rights movement leaders 
how best to shape a political message based on equality (Davis, 2016). Early disability rights 
victories pre-dated the Americans with Disabilities Act (ADA; 1990) by decades, and included 
passage of the Architectural Barriers Act of 1968 which mandated that buildings and other 
facilities that are federally funded must be made accessible to people with disabilities for new 
construction and for renovations. Section 504 of the Federal Rehabilitation Act of 1973 also 
barred entities that received federal funding from discriminating against people with disabilities. 
The primary difference between the disability rights and civil rights movements is the financial 
support needed to remove architectural barriers and provide workplace accommodations, a fact 
that was met with resistance after the bill's passage (Noble, 1992). 
Legal Requirements for Accessible Transportation 
Because of its size and age, New York City Transit was the focus of many of the 
transportation provisions in Title III of the ADA, including the concept of "key stations" in an 
intra city rail system and the requirement for paratransit for people who can not access fixed-
route transit (Welcome Aboard, Accessibility at the MTA, 2008). In New York City, the 





disputed by MTA leadership, who opposed early interpretations that the entire subway would 
have to be retrofitted to become wheelchair accessible, offering to equip 50% of their bus fleet 
with wheelchair lifts instead (Goldman, 1983). They eventually settled a lawsuit with the Eastern 
Paralyzed Veteran's Association (EVPA; currently United Spinal) to retrofit 54 key stations 
throughout the system. New York City and Philadelphia were the only two cities that were given 
an exception to draft a key station plan as they both had lawsuit settlements with key station 
agreements in place (Part 37, Transportation Services for Individuals with Disabilities, FTA, 
1991). After the ADA was signed into law in 1990, New York State transportation law was 
amended to increase the number of key stations to 100 to be completed by July 26, 2020. As of 
this writing, nine of these key stations are still not complete, which means that legislation can not 
bring about change on its own.  
Information Access. Even in places where public transportation is abundant, people with 
disabilities may still be limited by other access barriers, such as a lack of information presented 
in both visible and audible formats, or information overload that makes cognitive processing 
challenging (Carmien et al., 2005). While there has been progress throughout the United States 
in making buses wheelchair accessible, fixed-route transit, which includes inner-city and 
commuter rail service, is not entirely wheelchair accessible in cities whose systems were built 
prior to the 1970s (NCD, 2005). In New York City, accessibility features like Braille signage are 
more commonplace today, but are only guaranteed to be implemented in key stations that are 
ADA compliant (MTA, n.d.). 
Geographic Considerations. Despite accessibility problems with urban public 
transportation, people with disabilities who live in rural and suburban areas are even more likely 





than their urban counterparts. People who are blind or low-vision cannot drive and often face 
poor accommodations where public transit is available at all (Gallagher et al., 2011). People who 
use wheelchairs can be restricted from driving, but for those with financial resources, vehicles 
modified for hand controls and a ramp to enter and exit the vehicle make driving possible. While 
laws officially banning Deaf people from driving are rare, in practice, the ability of Deaf people 
to drive is called into question whether they are driving for personal or professional reasons 
(World Federation of the Deaf, 2016). Many people with cognitive impairments have difficulty 
driving compared to the general population (Passler et al., 2020). Being transported by a friend 
or family member, paying for taxis or other private transportation, or using public transportation 
are often the only options available to people with disabilities who want to work, and even these 
options are not always accessible to everyone. Demand for paratransit can limit the usefulness of 
the service in areas with limited public transit (NCD, 2005). 
While the ADA's primary aim was to improve integration of people with disabilities into 
society through employment, more than 40% of the legislation's text pertains to surface and rail 
transportation, indicating the fundamental connection between transportation and employment. 
In the past 30 years, progress in accessibility has been made throughout the country, especially in 
surface transportation like buses and paratransit, but according to a national survey, access to 
transportation remains one of the top three barriers faced by people with disabilities in their 
search for work (Kessler Foundation, 2015). Nearly a quarter (25.6%) of those who responded 
that they were seeking employment reported a lack of transportation. Employment is key to 





Employment, Disability, and Transportation 
By the time the ADA passed, work to remove barriers to employment was already 
underway. However, many access issues still impact employment for people with disabilities, 
including difficulty securing workplace accommodations, discrimination in hiring practices, and 
challenges with workforce integration (Colella & Bruyère, 2011). The top issue impacting job 
searches in the Kessler Foundation report was "not enough education or training," which is also 
impacted by a lack of transportation (Moriña & Morgado, 2018). Potential discrimination by 
employers was listed as the other top barrier to work. Awareness of transportation barriers for 
people with disabilities may also feed into stereotypes about the challenges of employing 
disabled workers. Telework has been touted as a way to solve transportation access issues 
(Bricout, 2004), but there are additional challenges related to remote work arrangements for 
people with disabilities.  
Working from Home.  As technology has advanced, some theorized that people with 
disabilities would benefit from the ability to work from home which would improve their rate of 
employment (Nickerson, 1978), but labor force participation among working-age people with 
disabilities declined by 56% between 1988-2014, and wages stagnated (Maroto & Pettinicchio, 
2015). This trend has reversed in the past several years, with a low overall unemployment rate 
leading to people with disabilities finding employment in greater numbers (Employment 
Situation Summary, 2020). While many people with disabilities benefit from—and often rely 
on—flexible work space arrangements, finding such employment opportunities depends on 
finding an employer who is willing to provide such accommodations and finding colleagues who 
do not resent disabled workers for what they may see as an unfair advantage (Colella & Bruyère, 





coworkers and less visibility at work, which often translates to fewer advancement opportunities 
(Schur et al., 2013). In New York City, many buildings that pre-date the ADA lack accessible 
entrances and restrooms, and there are few incentives for property owners to make 
improvements. Employers may need to provide remote or accessible interview locations for 
people who need such accommodations. With the right tools, modern communication technology 
provides the ability to work from any location and can support or even supplant the need for 
physical mobility. People with disabilities may benefit as attitudes shift towards allowing 
flexible work arrangements for all.  
Disability in the Transportation and Mobilities Literature 
The bulk of research about transportation and disability focuses on the built environment 
(Bezyak et al., 2017), analyzing barriers that impact people with a single type of disability and 
highlighting the problems that society must address in order for people with disabilities to enjoy 
less restricted mobilities. Transportation issues for older adults are well-examined in the 
gerontology and rehabilitation literature as mobility becomes more restricted due to functional 
limitations, which can impact the ability to engage in active transport, stamina for long trips, or 
the ability to drive (Musselwhite et al., 2015; van den Berg et al., 2016). There is still a gap in 
the literature for understanding how transportation environments impact adults with disabilities 
who are in an age range considered typical of professional, personal and interpersonal growth 
(18-65 years). Analyzing the persistent challenges that people with different types of disabilities 
encounter throughout their lives can enhance the mobilities literature (Goggin, 2016). 
Disability is also recognized as a risk factor for social exclusion, due in part to 
transportation disadvantage, defined as experiencing transport difficulties because of limited 





psychological traits like poverty or mental illness (Delbosc & Currie, 2011b). However, the 
impact of these other traits on travel experiences and behaviors are difficult to assess based on 
the current literature given that disability is not often included as a demographic variable in 
transportation studies. This is not unusual; disability is typically excluded from most mainstream 
research that isn't "about" disability (Maroto & Pettinicchio, 2015; A. S. Williams & Moore, 
2011). Therefore, we do not know whether or not people with disabilities experience the benefits 
of transport mobility, which can contribute to greater well-being (Lancée et al., 2018), or how 
negative impacts of transportation disadvantage are further compounded for people with 
disabilities. We can draw some conclusions about the economic impacts of limited mobility for 
the NYC population, in which 34% of people with disabilities of working age (18-64) live in 
poverty (Employment Trends for People with Disabilities in New York City, 2019), more than 
twice the poverty rate of people without disabilities (14%). Further, only 23% of NYC residents 
with disabilities (aged 25-65) are employed or looking for work compared to 74% among the 
nondisabled population, and an estimated 330,000 people with mobility disabilities live in transit 
desert (or accessible transit desert) neighborhoods compared to 200,000 who live in a 
neighborhood with at least one accessible subway station. (New York City Comptroller, 2018). 
Accessibility  
Before it was associated with universal access and disability, the term accessibility was 
defined in the urban and transportation planning literature as the "potential of opportunities for 
interaction" (Hansen, 1959). There has been a struggle to find measures of accessibility that 
adequately capture the complexity of the concept in a concrete way. Accessibility has been 
conflated with the concept of mobility, which has been influential on land-use policy outcomes, 





(Handy, 2002). Access to destinations, especially to jobs, and access to public transportation 
have emerged as accessibility indicators (Boisjoly & El-Geneidy, 2017). Despite the relationship 
between ADA accessibility and accessibility to opportunities, even recent literature distinguishes 
the two concepts rather than arguing for incorporating ADA (in)accessibility into broader 
measures of accessibility (Proffitt et al., 2019). Other research has shown that measures of access 
to jobs can fairly easily be extended to apply to wheelchair accessibility in public transportation 
(Grisé et al., 2019), but other types of access barriers like inaccessible information may be more 
complicated to assess.  
Development in the Mobilities Turn 
There has been a long interest in understanding the profound impacts of technological 
advances in transportation and communication on human development and globalization. Space-
time compression is the term that Harvey (1989) uses to describe how transportation and 
communication technologies upend spatio-temporal barriers to human activity. In his seminal 
work, Mobilities, Urry (2007) identifies the "mobilities turn" in social sciences, examining the 
myriad meanings and expressions of mobility to understand the ubiquitous impact of these 
different forms on society during a period of rapid change. The types of physical mobilities he 
includes are corporeal (individual, bodily movement) and the mobility of objects. 
Communication technology, including mobile technology, allows for imaginative, virtual, and 
communicative mobilities that are not dependent on physical mobility at all. Indeed, the 
mobilities turn is apparent in geography (Cresswell, 2006), urban studies (Hesse & Scheiner, 
2009), economics (Alesina et al., 2004), public health (Koehn, 2006), and sociology (Sheller, 
2014; Hannam et al., 2006), which have shown how transportation systems can "disadvantage" 





2017; Delbosc & Currie, 2011a; Golub et al., 2013). However, studies that consider the 
psychological impacts of transportation disadvantage are rare.  
Transportation as an Ecological Domain 
Developmental theorist Urie Bronfenbrenner spent decades developing an ecological 
systems theory of nested domains in which individuals develop, consisting of micro-, meso-, 
exo-, macro-, and chronosystems. Microsystems are the individual's immediate environment, 
which changes depending on the activity in which they are engaged. The mesosystem describes 
interactions between microsystems, as well as the indirect influence of other family members' 
microsystems, which is related to "spillover" effects in work-family psychology. The exosystem 
describes environments that the individual is sometimes a part of but make up a small part of 
their overall life space. The macrosystem and chronosystem include community and culture, 
which also have an indirect impact on the individual’s life. These external systems represent the 
most abstract idea of an environment and include government policies, societal attitudes, and 
historical events. He revised the theory near the end of his life, acknowledging that it failed to 
address the temporal aspects of development (Bronfenbrenner & Morris, 2006). His nested 
systems only made reference to time in a historical sense with the chronosystem, the outermost 
layer that accounted for the larger social environment, shaped by historical events. The 
mesosystem, or the interconnection of microsystems, alludes to temporality and connection to 
different social environments. Transportation systems seem like they would best fit into this 
system, but the only mention of transportation in the ecological systems theory literature 
classified it as an exosystem and theorized it as having only an indirect influence on 





Transportation is an environment that spans multiple systems: a) it is micro as the 
physical or built environment that a person occupies while in transit; b) meso as the connections 
between these microenvironments; c) exo as the social environment made up of people with 
varying degrees of importance to an individual; d) macro as the political environment in which 
decisions are made about funding, service delivery, and policies; and e) chrono as the result of 
historical path-dependencies that determine the transportation system's form and effectiveness. 
Using an ecological framework (not Bronfenbrenner's specifically), Novaco et al. (1991) suggest 
that commuting is a unique “inter domain” within the domain ecosystem. Experiences and 
moods from this environment spill over to both the home and work domains, which aligns 
transportation most closely with the mesosystem.  
Bronfenbrenner's connected domains might have benefited from considering 
Hägerstrand's theory of time geography (1970), which argued that studies of human mobility 
were over-reliant on aggregations of travel behaviors that failed to pay attention to individual 
circumstances. According to his theory, activities of daily life are determined by the location of 
the home base and an individual's range of motion is restricted by capability constraints, i.e. 
biological or resource limitations, coupling constraints, or dependence on other people for 
activities or travel, and authority constraints, or limitations imposed by rules and policies. 
Hägerstrand argued that social science would be best served by focusing on these constraints, or 
negative determinants, on the time-space continuum of each individual's life path (or portion 
thereof).  
It may be safe to say that developmentalists largely missed the mobilities turn, despite 
calls for more research into behavior and motivation for travel (De Vos et al., 2013). This 





transportation impacts development and argues that the mobilities literature could benefit from  
developmental psychology and disability lenses. Human development is not only a process of 
learning through repeated interactions, it is also a process of individuals shaping the world to fit 
their needs (Flynn et al., 2013). Constraints to mobility are constraints to development, and those 
who are constrained will try to find other pathways to fulfill their needs. However, that may not 
always be possible, especially in the case of transportation.  
Studies about disability and transportation demonstrate a range of capability, coupling, 
and authority constraints that affect people with different disabilities in different ways. By 
identifying negative environmental determinants of daily travel for people with disabilities, we 
can conceptualize how these factors may influence well-being for this group. The curb-cut effect 
(Blackwell, 2017), or the idea that everyone benefits from accessibility improvements, shows 
that society as a whole stands to benefit from fully understanding how inaccessibility affects the 
well-being of people with disabilities. What is often less visible is how other groups are impacted 
by inaccessibility, including young children, parents, people with temporary disabilities 
including pregnancy, tourists and foreign-language speakers, and many others. By first 
understanding obstacles or constraints and how much they uniquely impact people with 
disabilities compared to people without disabilities, we can better understand the affordances, 
supports, or facilitators necessary to ensure that transportation environments support greater 
mobility, and in turn, greater well-being for everyone.  
Mobility Constraints for People with Disabilities 
Research about the transportation behaviors of people with disabilities is limited by 
measures that oversimplify diverse experiences of disability. Surveys like the National 





people with disabilities, exclude disability as a demographic characteristic, and/or may include 
only people with mobility disabilities (Myers & Ravesloot, 2016). In fact, only 8.5% of the 2017 
NHTS population sample was identified as having a disability (Brumbaugh, 2018). Recent 
figures from the CDC show disability prevalence in the United States at 25% (Okoro, 2018), 
meaning that the survey fails to capture the true breadth of mobility behaviors among the 
disabled population.  
Transportation, Mental Health, and Other Disability Types. Measures like the 
presence or absence of a "medical condition that makes travel difficult" have been used as a 
proxy for disability (Deka, 2014), but this reduces disability to a single binary category that is 
still informed by the medicalized conception of disability. There is evidence of an association 
between depression and commute times and transport modes based on data from the American 
Community Survey and the Center for Behavioral Health Statistics and Quality’s National 
Survey on Drug Use and Health (NSDUH), which examined percentages of adults who had 
experienced a major depressive episode, mental illness, serious mental illness, or thoughts of 
suicide in the previous year (Ferenchak & Katirai, 2015). People with blindness and low-vision 
(Lund & Cmar, 2019) or cognitive disabilities (Bodde & Seo, 2009) also have well-documented 
difficulties with transportation, but it is not clear if survey participants would classify their 
mental health, blindness, or cognitive disabilities as a medical condition.  
Analysis of travel behavior from the NHTS showed that people reporting a travel-limiting 
medical condition traveled less often than people without medical conditions and that more than 
a third of people with disabilities (34.1%) did not travel at all on the day of the survey. The 
authors concluded that a sizable proportion of people with disabilities in the United States are 





single-day survey. This oversimplification of disability and mobility behavior also treats the 
person's disability as the primary cause of their limited mobility without questioning structural or 
environmental factors that contribute to their immobility.  
Travel Behavior and Well-Being 
There has been recent interest in the connections between transportation and subjective 
well-being or quality of life (Friman et al., 2018). In a review of the literature, De Vos, et al. 
(2013) identified five mechanisms by which transport can positively affect well-being, including  
1) the moods and emotions experienced during travel, which may be influenced by residential 
satisfaction and by activity-based destinations; 2) social inclusion provided by sufficient 
transport mobility; 3) enjoyment derived from using travel time for secondary activities; 4) the 
enjoyment of travel itself, especially for trips that do not have a destination; and 5) the ability to 
be mobile even if that mobility is unrealized (motility). They highlight the importance of 
understanding both eudaimonic (long-term life satisfaction) and hedonic (short-term pleasure and 
satisfaction) forms of well-being in these five contexts, and the importance of measuring both.  
The theoretical basis for most research on travel behavior and well-being hinges on 
transportation as an enabler for other behaviors, while only speculating about the psychological 
processes that determine motivation to engage in travel behaviors. De Vos et al. (2013) point to 
the transportation literature's heavy focus on hedonic well-being, which is associated with moods 
and emotions during travel, satisfaction derived from secondary activities during travel, and the 
spillover of positive moods influenced by activities associated with travel destinations. In 
arguing for greater focus on long-term and eudaimonic well-being, they cite self-determination 





to flourishing but they do not address the foundational mechanism of the theory, which is 
motivation.  
Motivation and Transport Behavior 
In their review of the literature, Mokhtarian et al. (2015) reference multiple motivational 
theories in their attempt to better understand the complex topic of motivation to travel. They start 
with Maslow's hierarchy of needs (1943), which suggests a combination of extrinsic and intrinsic 
motivation to fulfill everything from basic physiological needs to fulfilling a greater life purpose. 
However, the applicability of this theory to mobility behavior has to be weighed against 
advancements in communication technology that may help to reduce the need for physical travel 
in order to fulfill social needs (Kenyon, 2010). The authors also reference the Theory of Planned 
Behavior (Ajzen & Madden, 1986)—which explains behavioral intentions based on attitudes 
towards activities, associated social norms, and perceived behavioral control—and the Model of 
Goal-Directed Behavior (Perugini & Bagozzi, 2001)—which describes a desire to travel as an 
individual appraisal of a trip purpose that translates to motivation. These two theories assume a 
high degree of capability for travel. Indeed, the authors point to constraints on behavior as 
limitations to their applicability, meaning that a framework that examines limitations is 
especially useful. While extrinsic motivation to travel seems to be the predominant explanation 
for travel behavior in most of the literature, Mokhtarian et al. (2015) acknowledge the difficulties 
of distinguishing between intrinsic and extrinsic motivation.  
De Vos et al. (2013) call for greater theoretical grounding in the study of daily travel and 
subjective well-being, including eudaimonic and hedonic aspects, as well as short-term and long-
term well-being. They also highlight the need for understanding how these forms of well-being 





call for understanding the dynamic interactions between the individual and the environment, 
even though their arguments allude to potential scenarios that show the diversity of possible 
travel experiences and how single events, like getting on the wrong bus, can lead to a negative 
conception of public transit and permanently alter an individual's travel behavior. Their nod to 
self-determination theory (Ryan & Deci, 2000) is brief, but actually provides the type of 
theoretical framework that they say is missing from current research on transportation and well-
being. Mokhtarian et al. (2015) also describe self-determination theory (Ryan & Deci, 2001) as a 
way to understand three types of motivation as they relate to travel: extrinsic (driven by external 
sources), intrinsic (self-directed), and amotivation. Self-determination theory connects 
environmental deficits and supports back to individual motivation and behavior and is used to 
formulate the research questions and measures for this study.  
Self-Determination Theory 
Beyond being a meta-theory of motivation, self-determination is a framework for 
understanding how individuals' development is an interaction of their propensities with socio-
environmental conditions that support or undermine motivation and well-being in different 
domains. It is an applied theory intended to guide social practices and point to possible 
interventions (Ryan & Deci, 2017, p. 6).  Basic Psychological Needs Theory (BPNT) is a mini 
theory which posits that the fulfillment or support for autonomy (self-directed action), 
relatedness (belongingness and connectedness with others), and competence (self-efficacy) will 
enhance intrinsic motivation and well-being. There is a wide range of research applying the 
theory to fields like education, healthcare, relationships, organizations, exercise, goals, and the 





 For people with disabilities, the degree of difficulty associated with barriers in 
transportation may create an over-challenging environment to navigate, which may further 
contribute to disengagement from transportation environments. When applied to transportation 
systems, these basic needs include one's ability to choose a destination and a way to get there 
(autonomy), feelings of belonging and connection to others during a trip (relatedness), and the 
skills necessary to transport oneself (competence). Lack of support for the three basic 
psychological needs hypothetically discourages intrinsically motivated daily travel. While 
transportation is necessary for participation in most activities outside the home, deficits in the 
environment can make daily travel an undesirable activity. This can lead people with disabilities 
to avoid non-essential trips, further alienating them from others and limiting their human 
potential.  
Self-Determination Theory in the Transportation Literature 
Two studies were found that investigate psychological needs theory in relation to 
transportation and well-being. Vella-Brodrick and Stanley (2013) included self-determination 
theory as part of a broader study of well-being and transport mobility, starting from the 
assumption that well-being consists of both subjective well-being (SWB) and psychological 
well-being (PWB). They described SWB as a measure of happiness including both positive and 
negative affect and satisfaction with life, and PWB as a form of eudaimonic well-being 
characterized by a sense of life-purpose and personal growth; they explored how responses to a 
transport mobility scale were related to these two measures of well-being. The five-item 
transport mobility scale asked participants to rate difficulty on a five-point scale with items like, 
"being able to travel when you want to," "finding transport so you can travel," and "being able to 





(PANAS; Watson et al., 1988) which asked participants to rate their affect during the previous 
week on a five-point scale for ten different dimensions such as, "ashamed or proud," "alert or 
vulnerable," and "determined or frustrated." The second outcome measure, Satisfaction with Life 
Scale (SWLS; Diener et al. 1985) is a five-item measure of global satisfaction with life with a 
seven-point scales for indicators like, "in most ways my life is close to my ideal" and "so far I 
have gotten the important things I want in life." They hypothesized that some or all of the six 
subscales that the Scales of Psychological Well-Being (SWBS; Ryff 1989) measure—which 
includes the three basic needs in Ryan and Deci's (2017) theory, along with personal growth, 
purpose in life, and self-acceptance—would mediate the relationships between transport mobility 
and the two outcomes of well-being (PANAS and SWLS). Besides being only loosely related to 
self-determination theory, Vella-Brodrick and Stanley (2013) established little theoretical 
grounding for why transport mobility would predict any of the SWBS subscales. None of the 
mediating measures were adapted to the context of transportation, and the transport mobility 
scale did not significantly predict three of the SWBS subscales (autonomy, personal growth, and 
purpose in life), which were eliminated from further analysis. Transport mobility was associated 
with the short-term and long-term well-being measures through the mediating variables of 
environmental mastery (competence), positive relations with others (relatedness), and self-
acceptance. However, the relative effect size of transport mobility on both the mediators and 
outcome measures was very small compared to the strong relationships between both general 
psychological measures (PANAS and SWLS).  
Singleton & Clifton (2019) aimed to measure both travel affect and travel eudaimonia. 
They developed a scale based on symbolic motives associated with driving, like autonomy or 





noting that three categories of these motives were the same needs outlined in self-determination 
theory. Pilot participants were asked to indicate which of 75 words or short phrases they 
associated with their commute, and this measure was refined to 22 items for a larger survey. In 
addition to autonomy, relatedness, and competence, they tested a model categorizing these 
binary items with other latent constructs found in the transportation literature including 
exploration, security, identity, and health, using both exploratory and confirmatory factor 
analysis. Their final model for travel eudaimonia found that competence, autonomy, health, and 
security were the strongest four factors of items hypothesized to measure eudaimonic well-being. 
The final measure of travel affect included two positive factors (enjoyment and attentiveness) 
and two negative factors (distress and fear). Self-determination theory was again only loosely 
connected to the analysis, and the authors noted difficulty connecting the four factors on the 
travel eudaimonia scale to the four factors on the positive and negative travel affect scale. They 
also noted a need for better relatedness measures to capture belongingness and identity, the 
positive benefits of traveling with companions, and the benefits of travel for social purposes 
found in other research (J. Zhu & Fan, 2018).  
While both of these studies found that there were associations between transportation, 
competence, and well-being, there were mixed results as to whether autonomy or relatedness 
were also important factors in transport-related well-being. The first study aimed to understand 
which factors of psychological well-being mediated the relationships between transport mobility 
and short-term and long-term subjective well-being. This mediation process is relevant to 
another mini theory of self-determination theory. Organismic Integration Theory (OIT) is 
concerned with the internalization of extrinsic motivating factors and integration of social norms 





functioning—or lead to negative outcomes, depending on environmental differences and how 
individuals internalize these extrinsic factors (Ryan & Deci, 2017). This internalization process 
might explain why the relationship between transport mobility and subjective well-being was 
mediated by psychological well-being.  
The second study was aimed at developing short-term and long-term measures of travel 
well-being, but self-determination theory was only linked to the long-term measure and was 
based on a novel measure of binary responses to words or phrases invoked only during commute 
trips, omitting people who are not employed. Both studies fail to apply basic psychological needs 
theory in terms of how needs are thwarted or supported, and neither considers how disability 
may impact short-term and long-term well-being in the context of transportation.  
Self-Determination, Transportation, and Disability 
Most studies about transportation experiences of people with disabilities are focused on 
problems and challenges resulting from having a disability, and a majority of studies about 
disability and transportation are found in the gerontology literature. Studies focused exclusively on 
older people provide the basis for understanding only a specific set of constraints related to a 
decline in functioning that is typically associated with a loss of independent travel and/or mobility. 
Transportation and well-being literature that addresses disability also fails to criticize the 
environments that rely on uniform abilities to participate (De Vos et al., 2013; Mokhtarian et al., 
2015). Much of the existing research about the transportation experiences of people with 
disabilities consists of qualitative studies that rely on interviews, observation, and focus groups to 
identify environmental and architectural barriers (Hammel et al., 2015), social barriers (Bissell, 





In order to develop a more precise understanding of how basic psychological needs relate 
to transportation for people with disabilities, I searched Proquest Academic Search Complete, Web 
of Science, and Google Scholar for keywords like disability (including disability types and 
associated terms like chronic disease, physical/mobility disability, wheelchair, blind, deaf, 
developmental disability, autism, cognitive, communication), in combination with terms like 
transportation, public transit, mobility, and daily travel, as well as self-determination and basic 
psychological needs, and each of the three needs and related synonyms including autonomy (self-
efficacy, independence), competence (skills, training),  and relatedness (participation, community, 
inclusion, social integration). From the resulting literature, I identified factors in transportation that 
thwart each of the basic psychological needs, including: 
● autonomy: access barriers, lack of mode choice, and financial barriers 
● relatedness: difficulty or reluctance to seek help, separate transportation modes or spaces, 
and lack of awareness or support by transit employees; and 
● competence: lack of transportation and/or navigation skills, lack of information about 
accessibility, and barriers to accessing information. 
Support for overcoming these challenges is necessary to encourage independent mobility for 
people with disabilities but can also serve to highlight how to better support the basic 
psychological needs of the population at large. The study organizes various research findings that 
point to environmental, social, and psychological barriers to the fulfillment of basic 
psychological needs for people with disabilities to create the Transportation Thwarting Basic 
Psychological Needs (TTBPN) scale. The goal is to develop a measure of observable self-
reported transportation challenges that contribute to hypothesized latent factors of autonomy, 





basic psychological needs fulfillment (Sheldon & Hilpert, 2012) along with measures of 
constructs related to needs for autonomy (Perceived Accessibility; Putnick & Bornstein, 2016), 
competence (Generalized Self-efficacy; Schwarzer & Fuchs, 1996), and relatedness (Darling & 
Heckert, 2010; Clark et al., 2004) are used to validate TTBPN measures and incorporate 
fulfillment of needs into an understanding of self-determination and well-being. Beyond merely 
understanding the severity of these constraints, the TTBPN scale is aimed at understanding the 
relationship between these factors and a key outcome of self-determination theory—flourishing 
or well-being (Ryan & Deci, 2017, p. 2). Because Ryan and Deci associate flourishing with 
extrinsic and intrinsic motivation (or a lack of flourishing due to amotivation), this measure of 
well-being is the primary outcome variable of interest. 
Study Site 
The New York metropolitan area was selected for its potential to explore challenges 
experienced by people in urban and suburban locales. New York City is unique in the context of 
the United States because it is the only city where a majority of residents rely on public 
transportation. Disparities in access to public transit for people with disabilities have been well-
documented in the news media (Barron, 2019; Neuman, 2008; Rosenberg, 2017; Tangel, 2016), 
but less so in academic research. During negotiations stemming from lawsuits around the time of 
the passage of the ADA, the age of infrastructure and cost of making accessibility improvements 
to the subway were cited as reasons to offer paratransit service as an alternative. Three decades 
later, paratransit service is costly and plagued with inefficiencies, long travel times, and poor 
customer satisfaction (Citizens Budget Commission [CBC], 2016), highlighting structural 
inequalities of the public transportation system that disproportionately impact people with 





161,000 are registered users of paratransit (CBC, 2019). Bus travel is the most common mode of 
public transit for people with mobility disabilities because the entire bus fleet is wheelchair 
accessible, but audible and visual route information on buses is not always available, which 
makes bus travel difficult for people with blindness or Deafness. The city is geographically 
dispersed, so commutes between home and work are among the longest among U.S. cities 
(United States Census Bureau, 2013). This adds an additional disadvantage for people with 
disabilities who are economically disadvantaged and may be forced to live farther away from 
accessible public transportation.  
In New York City, there is a lack of affordable accessible housing in desirable 
neighborhoods (Hughes, 2019), and a high rate of poverty within the disabled community 
(29.4%) compared to 12.0% in the nondisabled community (United States Census Bureau, 2016 
American Community Survey, 1-Year Estimate, American FactFinder, Table 18130). A study of 
"accessible transit deserts" in New York City showed that 51% of neighborhoods served by the 
subway lacked an accessible subway station and that neighborhoods with at least one accessible 
subway station had a median monthly rent that was $105 higher on average than neighborhoods 
with inaccessible stations (Service Denied, 2018). While there are many possible reasons for the 
low employment rate for people with disabilities in New York City, the same report connects the 
problem of inaccessible subway stations to a 51% gap in labor force participation rate for people 
aged 25-65 with mobility disabilities compared to people without mobility disabilities. 
Inaccessible public schools (Coughlin, 2016) and buildings continue to present obstacles to 
travel (Pulrang, 2019). While transportation research typically ends at the front door, so to speak, 
building access problems also impact well-being (Carnemolla & Bridge, 2016) and even 





Organization of Chapters 
In response to calls for more research into motivation and transportation behaviors (De 
Vos et al., 2013), and in acknowledgement of the lack of research that includes people with 
disabilities, a series of iterative studies were conducted in New York City between 2018-2020. 
All of the studies aimed to oversample participants with disabilities in order to have as equal 
sample sizes of disabled and nondisabled participants as possible. This project was approved by 
the Institutional Review Board at the City University of New York 
The first study (Chapter 2) details the development of the novel Transportation Thwarting 
Basic Psychological Needs (TTBPN) scale (transportation barriers, for short), and a 
measurement of the fulfillment of basic psychological needs using measures that were piloted in 
the first survey and refined in the second survey. Issues found in the literature that related to 
autonomy, relatedness, and competence were listed with a Likert-response scale to gauge 
participants’ level of difficulty with different issues. An existing measure of basic psychological 
needs fulfillment and alternative subscale measures were also tested through the iterative 
surveys. Results of confirmatory factor analyses for the initial measures, revised items, and 
confirmatory factor analysis for the second survey are presented.  
The second study (Chapter 3) analyzes how the measures of transportation barriers and 
basic psychological needs fulfillment in transportation are associated, and how they influence the 
outcome of flourishing or well-being (Diener et al., 2010). Group differences on these measures 
between disabled and nondisabled participants are also examined.  
The third study (Chapter 4) analyzes daily travel diaries in relation to survey measures for 
a subset of participants who completed the second survey, comparing disabled and nondisabled 





associations between the average number of obstacles and average number of delays, and 
average ratings on transportation barriers and fulfillment of psychological needs scales. 
By using an iterative approach to measuring factors in transportation that are associated 
with relatedness, autonomy, and competence, the concept of self-determination in transportation 
is explored in depth, and a foundational measure is established for applying this theoretical 
approach in the transportation domain. The final chapter discusses the overall findings of the 





Chapter 2: Development of the Transportation Thwarting Basic Psychological Needs 
(TTBPN) Scale 
In many areas of life, social and physical environments either support our needs or lack 
the affordances needed for us to achieve the tasks associated with different domains, including in 
transportation. This duality is illustrated by Bissell (2009), who describes everyday mobility in 
rail stations as a function of finding a balance between "facilitation and encumbrance." The 
tension becomes more evident for passengers traveling with objects, or who have disabilities, 
who have different levels of "ease" moving throughout the station. In taking repeated trips, they 
learn "tactics" (de Certeau, 1984) through a series of adaptations gained through observation and 
imitation in the transportation "taskscape" (Ingold, 2000), potentially becoming self-conscious of 
their different mobilities or "extended bodies" in the process of mastering the transportation 
environment.  
This is quite similar to the notion of environments that "support or thwart" fulfillment of 
the three basic psychological needs of autonomy, relatedness, and competence (Ryan & Deci, 
2017). However, Ryan and Deci acknowledge that the delineations between autonomy, 
relatedness, and competence are not so clear, as the needs overlap and are interdependent. The 
need for autonomy, in general, has been recognized as "essential for the goal-directed behavior 
to be self-determined" (Deci & Ryan, 2000), making it unique among the basic psychological 
needs. It stands to reason that autonomy would be the most important factor in a study about 
transportation, because it supports freedom of movement or thwarts that freedom if barriers to 
access exist. We know that people with disabilities often encounter barriers to freedom of 
movement in transportation. In addition to systems that are not built to ensure their autonomy, 





impact feelings of competence and thwart efforts to research and plan trips. Relatedness, or a 
sense of belonging, can be positively or negatively impacted by interactions with others while in 
transit. A person's bodily difference may also become more apparent if they need to ask others 
for help. 
This study uses data from two iterative surveys to identify and measure transportation 
barriers that thwart the basic psychological needs of autonomy, relatedness, and competence. 
The goals of the study are twofold: 1) to establish an internally consistent measure of factors in 
transportation that thwart basic psychological needs (TTBPN scale); and 2) to measure support 
for those needs through existing measures. The first goal utilizes the Balanced Measure of 
Psychological Needs fulfillment (BMPN) scale (Sheldon & Hilpert, 2012), which was created as 
a 3-factor measure of autonomy, relatedness, and competence that could be adapted for different 
domains, but has yet to be applied to transportation. I also examine similar constructs for 
autonomy (Perceived Accessibility; Lättman et al., 2016), relatedness (Darling & Heckert, 2010), 
and competence (Self-efficacy; Schwarzer & Jerusalem, 1995) as a construct validity check for 
the TTBPN scale, and later as an alternative measure of needs fulfillment.  
Basic Psychological Needs Theory 
While positioned as a potential framework for understanding motivational processes 
involved in day-to-day travel (De Vos et al., 2013), there are few applications of self-determination 
theory in the transportation literature. However, there are numerous examples of studies about the 
challenges that people with disabilities encounter in transportation that examine one or two of the 
three basic psychological needs, or that examine similar constructs, such as self-efficacy or 
independence (autonomy); participation, community, inclusion, or social integration (relatedness); 





and disparate set of studies to identify those factors that thwart autonomy, relatedness, and 
competence and to develop a measure of transportation barriers that impact basic psychological 
needs for people with disabilities. 
Factors Thwarting Autonomy 
There are a number of factors that impede the autonomy of people with disabilities while using 
transportation. While some issues are universal, like having limited financial resources, other 
transportation problems can affect people with different disabilities in different ways.  
Access Barriers by Disability Type 
Architectural barriers are the most commonly recognized obstacle for people with 
disabilities using public transportation, and many older subway systems are notoriously 
inaccessible for wheelchair users (Spagnoli, 2015). Additionally, barrier-free spaces must 
include considerations for multiple types of disabilities because access needs can conflict. The 
needs of wheelchair users can also dominate design considerations, while the needs of people 
with cognitive, communicative, and sensory disabilities are given less attention (Cooper et al., 
1991). 
Mobility Disabilities. Barriers include longer travel times and architectural obstacles that 
prevent people with mobility disabilities from accessing vehicles or stations. While not in the 
transportation domain, building access and mobility within buildings is a related challenge for 
people with mobility disabilities with profound developmental implications. Graham et al. 
(2014) examined the relationship between transportation time and difficulties on the way to 
school and within school environments, and feelings of school belonging, anxiety, aggression, 
and depression in a cohort of 165 students transitioning from a school serving students with 





difficulties to and from school reported lower school belonging and higher school stressors and 
anxiety, and longer travel times to school were correlated with higher levels of depression. 
Students with difficulties traveling within the school environment had higher levels of school 
stressors and aggression. Barriers to mobility on the journey to school and within the school 
environment also impacted social integration and relatedness to peers. 
Communication Disabilities. Bigby et al. (2017) conducted focus groups with 21 train 
commuters in Australia with a variety of disabilities affecting communication, including autism, 
cerebral palsy, intellectual disability, acquired brain injury, Deafness, and Deafblindness. They 
used a six-phase thematic analysis to group barriers into three categories; variable information 
accessibility, the negative impact of a large and complex system, and a lack of help-seeking and 
assistance from the train support staff. The barriers they grouped as "variable information 
accessibility" highlighted the importance of access to information through multiple channels. 
People with physical, hearing, and speech disabilities could use online information, but people 
with cognitive and visual disabilities had difficulty accessing the same information. Similar 
barriers existed within train stations. Some of the barriers encountered were poor design or 
placement of signage impacting the legibility of textual information, inconsistency in the 
information conveyed through announcements not delivered visually, and audible messages that 
were difficult to hear or comprehend. Language access barriers can present similar challenges as 
barriers that impact blind and low vision, or Deaf and hard of hearing passengers (Yu, 2016). 
Blindness and Low Vision. People with blindness and low vision often rely on public 
transportation, especially when their disability keeps them from driving, but many encounter a 
number of access barriers. Crudden, Antonelli, and O’Mally (2017) identified the most common 





inaccessible wayfinding cues like signs and maps. As a result, blind people may rely on friends 
and family or taxis and hired drivers to fulfill their transportation needs. In some cases, difficulty 
in finding transportation becomes a major obstacle to finding employment, and some people are 
dissuaded from looking at all (Bjerkan et al., 2013).  
Lack of Mode Choice 
People with disabilities disproportionately rely on public transportation for their travel 
needs (Bezyak et al., 2017). However, high quality, high-frequency public options are often 
unavailable, especially for people who live in suburban and rural areas. For those living in cities, 
transportation mode options may also be limited due to architectural barriers, and financial 
constraints can limit mobility regardless of urban, suburban, or rural location (Bascom & 
Christensen, 2017). Samuel et al. (2013) examined the experiences of people who participated in 
a three-year transportation voucher program funded by Michigan’s Developmental Disabilities 
Council. The program provided a book of transportation vouchers with a set amount of miles or 
dollars that recipients could use to schedule paid transportation or submit to volunteer drivers, 
friends, or family for reimbursement. 61.2% reported that the program allowed them to spend 
more time in the community. The results of a cross-sectional survey at the end of the program 
showed that participants were often unable to travel on their own, and most lived in an area with 
limited public transportation. Similar programs have been established in other states to provide a 
cost-effective way to support community participation and fill a service gap where few 
transportation options exist. 
 Financial Barriers 
Even in areas where ample public transportation options exist, people with disabilities 





and older people who live on fixed Social Security income. Paratransit service often fills a 
service gap in areas with fixed-route public transportation, but riders must pay full fare for each 
trip and cannot save money through a monthly unlimited MetroCard. Many transit agencies offer 
half-priced or reduced-fare cards for paratransit-eligible people with disabilities and senior 
citizens, but awareness of these benefits can be limited (Lubin et al., 2017). 
Factors Thwarting Relatedness 
Public transportation environments are public spaces that allow for social interactions and 
encounters with strangers that affect relatedness to others. People with disabilities can feel 
uncomfortable in public places if they perceive that they stand out or that their disability is 
visible and judged by others (Butler & Bowlby, 1997). Insecurity can negatively impact feelings 
of belonging and connection with others, which in turn can impact a person's willingness to 
spend time in public spaces or to use public transportation. Several factors can limit feelings of 
relatedness in the context of using public transportation: an individual's difficulty or reluctance in 
seeking assistance when becoming lost or experiencing an unexpected change in plans, lack of 
awareness and support by transit employees, and systems that separate people with disabilities 
into different vehicles or modes of transportation. 
Difficulty or Reluctance in Seeking Assistance 
The complexity of public transportation systems and inconsistency of operations can 
present a challenge for people with disabilities who must adapt to route changes or service 
outages. In these cases, asking for help is the best way to figure out a backup plan, but people 
with disabilities can lack the confidence or communication skills to seek help. In their study of 
train passengers with communicative disabilities in Victoria, AU, Bigby, et al. (2017) found that 





communicating, patience, or desire to help. The presence of support staff was often inconsistent, 
and participants found it difficult to ask for help. While some wished that staff would recognize 
their disabilities and offer assistance without being asked, others did not want to be singled out 
for their disability. 
Lack of Transit Employee Support and Awareness 
Haveman et al. (2013) found that bus drivers had little awareness about the needs of 
intellectually disabled young adults, or had negative attitudes towards them. Some of the 
students in their study reported difficulty reading timetables for buses, but found drivers 
inconsiderate of their needs, sometimes ignoring requests for help, and in some cases, closing the 
doors and driving away. In Nordhorn, Germany, where the study was conducted, bus drivers 
previously received 3.5 hours of disability awareness training conducted by a person with a 
disability with travel experience to show the challenges they encounter in transit. One of the 
social-environmental components of the authors’ intervention increased the amount of training to 
12 hours, which they felt had a positive effect on passengers with disabilities in general. Despite 
this, the authors stress that integrating passengers with disabilities into mainstream transportation 
in a way that increases contact with drivers on a daily basis is necessary for long-term change. 
Separation, Segregation, and Physical Difference 
Providing segregated transportation modes designed specifically for people with 
disabilities can exacerbate feelings of exclusion and difference. Specialized modes of 
transportation, also known as paratransit within the United States, are common for people with 
disabilities of all ages. These services are federally mandated under the Americans With 
Disabilities Act (ADA) and provided as a way to compensate for access barriers in school buses 





attention in public transportation settings. In a qualitative study with interviews and audio diaries 
of youth with blindness and low vision (B/LV) living in England, Worth (2013) found that some 
tried to conceal their disability by avoiding the use of visual indicators like canes when out in 
public.  
Factors Thwarting Competence 
Competence has been defined as "an organism's capacity to interact effectively with its 
environment" (White, 1959, p. 297). Lacking the skills and supports required to effectively 
interact with incredibly complex transportation environments, especially those in large cities, can 
be detrimental to independent mobility (Gallotti et al., 2016). Transportation is a life skill that 
may require training at different stages of development. For example, geographic location may 
determine what kind of transportation modes are available, so learning may occur primarily 
during childhood or adolescence with parents, in driving school, or on field trips using public 
transit. In some cases, public transportation agencies or disability service organizations offer 
travel training programs for adolescents with disabilities. Adults who become disabled in mid-
life may need to learn a new mode of travel or re-learn how to navigate public transportation 
with a new set of constraints, but these supports are not available everywhere. In a survey of 124 
transit agencies, only 56% had a travel training program for paratransit passengers, and the 
majority (58%) of small transit agencies delivering fewer than 250 paratransit trips per day had 
no travel training programs (Chia, 2008).  
Lack of transportation and navigation skills 
Several articles identify a lack of transportation and navigation skills which often 
determine if people with disabilities can travel independently. For people with cognitive 





(Moore Sohlberg et al., 2009); lack of knowledge of travel basics, like when to cross the street, 
how to interact with drivers and other passengers, how to request stops, and how to ask for help 
(Haveman et al., 2013); or lack of knowledge of how to find and use different modes of 
transportation (Crudden et al., 2017). For older adults, an age-related disability can impact the 
ability to drive, and a lack of familiarity or experience with public transit can be a barrier to 
using public transportation and limit feelings of competence in a similar fashion (Lubin et al., 
2017). 
Lack of access to information 
In planning for any type of trip, accessing information about routes, schedules, and more 
is an important first step. While online transportation information is becoming more 
commonplace, the availability of complete information that is useful to people with disabilities 
can vary greatly depending on location (Bigby et al., 2017). At the time of writing this 
dissertation, wheelchair-accessible routing is a new feature in Google Maps, a popular 
navigational tool, but it is not yet available in every city (Introducing “wheelchair accessible” 
routes in transit navigation, n.d.). Furthermore, not all people with disabilities have access to the 
internet at home or to smartphones that can aid in accessing information and executing the steps 
of a planned trip (Morris et al., 2017), and some online information may be difficult to access by 
people with low vision (Griffin-Shirley et al., 2017). 
Digital Information Access. Waara et al. (2013) found an additional digital divide for 
older people with age-related and acquired disabilities. The authors conducted a large survey of 
people in Sweden to learn about attitudes towards online information and the usefulness of 
different types of information, what kinds of travel information people need, and how those 





using topic guides to focus on attitudes towards the internet, travel in regional public transport, 
and use of online travel information. More than half of the study population responded that they 
used the internet to find travel information and plan ahead. However, when segmenting the 
survey results into three age brackets (<65, 65-74, and >75), the authors found that more than 
half of internet users were participants in the youngest age bracket (52.8%), fewer in the middle 
age bracket (35.9%), and even fewer in the oldest age bracket (11.1%). The focus groups 
revealed that online information about booking services for access needs was not always 
complete, that there was sometimes too much information to sift through, or that information was 
difficult to access or engage with. It is difficult to assess whether these were the reasons that 
more people did not access online travel information as opposed to other types of information, 
but their study shows that people frequently conduct travel-related research in order to plan a 
smooth and accessible journey. 
Summary of Issues for Scale Development 
There is no literature to date that uses basic psychological needs theory to identify 
transportation challenges that impact autonomy, relatedness, and competence, even though many 
studies find support for the importance of these needs, especially among people with disabilities. 
In analyzing the literature to identify problems that could thwart autonomy, relatedness, and 
competence, several transportation-specific barriers emerged that could hypothetically thwart 
basic psychological needs for people with disabilities. Issues impacting autonomy were strongly 
connected to accessibility, in the sense of disability-related access challenges, but also in the 
sense of “the potential for interaction,” the meaning often found in the transportation and 
planning literature (Hansen, 1959). Lack of mode choice and financial barriers were common 





without disabilities. Barriers to relatedness in transportation were not as straightforward in the 
literature, especially in a way that aligns with Ryan and Deci's emphasis on interpersonal 
relationships and healthy attachment (2017, p. 21). This description of relatedness does not 
necessarily apply to transportation environments where interactions can be fleeting or 
transactional. In the context of transportation, having support for relatedness in transportation 
might simply mean that people feel socially included, as if they belong. Several studies showed 
that people with disabilities had a reluctance to seek help, perceived a lack of transit employee 
support and awareness, and encountered segregated facilities or vehicles, which could make 
them more aware of bodily and other differences. Competence was clearly connected to a lack of 
navigation skills, whereas a lack of information or difficulty accessing information could make 
people with disabilities feel less competent. Starting with the identification of these barriers, and 
in some cases, missing supports, six items were created for the autonomy, relatedness, and 
competence subscales of the TTBPN measurement.  
Because there is very little extant literature that applies self-determination theory to 
transportation, additional construct validity checks were included with the other basic 
psychological needs measures. For the individual subscales, validated measures of constructs 
similar to fulfillment of autonomy (perceived accessibility of transportation), relatedness 
(disability identity and everyday discrimination), and competence (self-efficacy) were included, 
and prompts were adapted to pertain to transportation where necessary. An abbreviated general 
measurement of basic psychological needs fulfillment was also adapted to a transportation 
context to measure the fulfillment of basic psychological needs, (i.e., the supportive side of the 
theory). These additional measures were included to see if there was a negative relationship 





equivalent subscales for each of the basic psychological needs were correlated with the 
autonomy, relatedness, and competence thwarting scales. 
Research Goals 
Basic Psychological Needs Theory (BPNT) is a mini theory within self-determination 
theory which posits that the fulfillment or support for three basic psychological needs will 
enhance intrinsic motivation and well-being. When applied to transportation systems, these basic 
needs include one's ability to choose a destination and a way to get there (autonomy), feelings of 
belonging and connection to others along the way (relatedness), and the skills necessary to 
transport oneself (competence). Lack of support for the three basic psychological needs 
hypothetically discourages intrinsically motivated daily travel and other goal pursuits.  
This chapter details the development of two measures of basic psychological needs in 
transportation through two iterative surveys. The overall goal of the study was to identify 
relevant measures of factors in transportation that thwart or support autonomy, relatedness, and 
competence and to test a measure of fulfillment of the same needs in transportation. The first 
goal was to develop a scale of barriers (thwarts) in transportation environments with internally 
consistent and distinct dimensions of autonomy, relatedness, and competence. The second goal 
was to test the fit of a measure of basic psychological needs fulfillment (supports) in 
transportation and their underlying latent factor structure using a transportation-focused adapted 
Balanced Measure of Psychological Needs Fulfillment (BMPN) scale (Sheldon & Hilpert, 2012). 
The third goal was to test the construct validity of the overall TTBPN scale by seeing how well 







Survey 1: Initial Development of BPN Measures 
Participants 
Adults over the age of 18 who live in New York State were recruited using snowball 
sampling with the goal of having similar-sized groups of people with disabilities and people 
without disabilities. Recruitment took place through disability service organizations that are part of 
the network of the New York State Independent Living Council (NYSILC), through social media 
affinity groups, listservs, and other channels. There was additional in-person recruiting at disability 
organization meetings. A raffle prize of twenty $50 prizes was used as an incentive for 
participation. There were a total of 977 visitors to the survey webpage during the study window, 
meaning that the overall response rate for people who clicked through on the survey link or visited 
the website was 30%, not including participants who abandoned the survey midway (n = 170). 
Partial responses were not analyzed.  
A total of 297 people completed the first survey. Participants ranged in age from 19–85, 
with an average age of 42.9 years, (SD = 16.3). The sample had an overrepresentation of female 
participants (n = 199) compared to male participants (n = 88) and unspecified or non-binary 
participants (n = 10). There were 179 people who reported at least one disability and 118 reported 
no disability. See Table 1 for full demographic details. Full disability profiles are presented in 
Chapter 3.  
Measures 
Participants responded to a set of demographic questions, including age, gender, 
disability status and type, ethnicity, employment status, household income, and education level. 







Survey 1 Demographic Profiles 
 Disabled  Nondisabled 
Gender         
  Female 120 (68.2%) 77 (63.6%) 
  Male 47 (26.7%) 43 (35.5%) 
  Not specified 9 (5.1%) 1 (0.8%) 
Race/Ethnicity         
  Non-white 54 (30.7%) 34 (28.1%) 
  White 113 (64.2%) 73 (60.3%) 
  Not specified 9 (5.1%) 14 (11.6%) 
Education         
  College 49 (27.8%) 41 (33.9%) 
  High school or less 37 (21.0%) 10 (8.3%) 
  Advanced degree 71 (40.3%) 65 (53.7%) 
  Not specified 19 (10.8%) 5 (4.1%) 
Income Range         
  < 5,000 6 (3.4%) 0 (0.0%) 
  5,000-12,000 13 (7.4%) 2 (1.7%) 
  12,000-25,000 25 (14.2%) 6 (5.0%) 
  25,000-50,000 31 (17.6%) 21 (17.4%) 
  50,000-100,000 46 (26.1%) 35 (28.9%) 
  100,000+ 37 (21.0%) 53 (43.8%) 
  Not specified 18 (10.2%) 4 (3.3%) 
Employment Status         
  Full Time 64 (36.4%) 89 (73.6%) 
  Part time 44 (25.0%) 21 (17.4%) 
  Unemployed 68 (38.6%) 11 (9.1%) 
Age         
  18-35 81 (46.0%) 55 (45.5%) 
  36-50 41 (23.3%) 31 (25.6%) 
  51-65 31 (17.6%) 25 (20.7%) 
  65+ 23 (13.1%) 10 (8.3%) 







existing measures of similar constructs. Cronbach's alpha was calculated for all scales and 
subscales to test the psychometric reliability of each measure. Cutoff levels are found to be 
excellent ɑ ≥ 0.9), good (0.9 > ɑ ≥ 0.8), acceptable (0.8 > ɑ ≥ 0.7), questionable (0.7 > ɑ ≥ 0.6), 
poor (0.6 > ɑ ≥ 0.5), or unacceptable (ɑ < 0.5) (Nunnally & Bernstein, 1994).  
Transportation Thwarting Basic Psychological Needs (TTBPN) Scale. In order to 
better understand the transportation challenges that impact people with disabilities, I developed a 
novel measure of factors in Transportation Thwarting Basic Psychological Needs (TTBPN) 
based on factors identified in the literature. This measure included Likert-scale items for 18 
transportation factors found to impact feelings of autonomy, relatedness, and competence (see 
Appendix A. Survey 1 Measures). Participants were asked to rate the ease of using transportation 
for items on a 4-point scale with one being "very easy" and four being "very difficult."  
There were more items for urban dwellers than for people living in suburban or rural 
locations, and some items did not apply to a small subset of the data. For example, "getting 
access to designated facilities like seating, elevators, or restrooms" was applicable to traveling in 
an urban setting but "getting access to designated facilities like parking" was more applicable for 
a suburban or rural setting where public transit is not as available. Participants who answered yes 
to a question about the availability of public transportation where they live received the complete 
set of questions; and the rest received a shorter scale because some items did not apply to 
locations without public transportation. Only a small number of cases received the abbreviated 
scale (n = 11) even though many more reported that they lived in a suburb, small town, or rural 
area (n = 57). Because the data was not missing at random (MNAR), the small number of 





The overall TTBPN scale had excellent reliability (ɑ = 0.93), but this value can be 
skewed by a greater number of items in the scale (Cortina, 1993). Chronbach's ɑ for individual 
subscales were lower but still considered to be an excellent fit for the competence subscale (ɑ = 
0.91), a good fit for autonomy (ɑ = 0.89), and acceptable for the relatedness subscale (ɑ = 0.79). 
Balanced Measure of Psychological Needs Fulfillment (BMPN). An early and widely 
used scale of Basic Psychological Needs Fulfillment (BPNF; Gagné, 2003) was found to lead to 
conflicting results showing uni-dimensionality in some studies and three distinct dimensions in 
others (Johnston & Finney, 2010). The 16-item three-factor BPNF model used only negatively 
worded statements and was criticized for having an uneven number of items for each subscale 
and for failing to capture positive dimensions. This prompted the development of the Balanced 
Measure of Psychological Needs (BMPN; Sheldon & Hilpert, 2012), a three-factor measure of 
each psychological need measured along an additional dimension of satisfaction and 
dissatisfaction. Sheldon and Hilpert tested multiple models and found that the model with the 
best fit treated satisfaction and dissatisfaction of needs as indicators on the same continuum. The 
original study (n = 324) found acceptable internal consistency for three factors of autonomy (ɑ = 
.78), competence (ɑ = .79), and relatedness (ɑ = .78) when negatively-worded items were 
reverse-coded to align with each dimension.  
In the present study, an abbreviated and adapted 12-item scale was included to assess 
frustration and satisfaction of basic psychological needs across domains and to serve as a validity 
check for the TTBPN measure. It includes two positively- and two negatively-worded items for 
autonomy, relatedness, and competence. Because the scale was intended to be modified for 
different contexts, the prompt for participants was, "Think about your daily trips during the last 





that interests me," "I felt disrespected by one or more people," and "I was able to handle a 
challenging situation" (see Appendix A. Survey 1 Modified BMPN Measure). The adapted 
BPMN, which had fewer items and a prompt that applied to transportation, showed acceptable 
internal consistency when negative items were reverse scored (ɑ = .76). However, factor loadings 
did not align with the hypothesized subscales, and subscales were acceptable for autonomy (ɑ = 
.70), unacceptable for relatedness (ɑ = .48), and poor for competence (ɑ = .51). Cronbach's 
alphas were lower than the original reliability scores of the BMPN measure subscales, which 
may partially be due to having fewer items than the original scale. 
In addition to the BMPN scale, several additional scales were included that measure 
similar constructs to autonomy, relatedness, and competence for an additional validity check for 
the novel measure and were expected to have a positive correlation with the subscales of the 
BMPN measure.  
Perceived Accessibility. The Perceived Accessibility (PAC) scale (Lättman et al., 2016) 
measures the extent to which people feel that they can rely on public transportation and was 
expected to relate to the autonomy subscale in the TTBPN measure. Items were slightly 
reworded to include private transportation modes, so "public transportation" was replaced with 
"the transportation options I have." The modified scale has four positively-worded items like, "It 
is easy to do daily activities with the transportation options I have," and is measured on a 5-point 
Likert scale with one being "strongly disagree" and five being "strongly agree." The authors 
validated the PAC scale in a series of three successive surveys using exploratory and 
confirmatory factor analysis. Tests of psychometric properties showed good internal consistency 





Perceived Accessibility scale (PAC) had excellent internal reliability (ɑ = .92) among responses 
for the first survey and good internal reliability for the second survey (ɑ = .89).  
Self-Efficacy. Four items from the Generalized Self-Efficacy scale were included (GSE) 
(Schwarzer & Fuchs, 1996). The GSE is a 10-item measure of perceived self-efficacy that can be 
adapted for different domains and is expected to relate to competence factors. The adapted scale 
asked about daily transportation experiences and participants were asked to rate statements like, 
"I am confident that I can deal efficiently with unexpected events'' on a 5-point Likert scale with 
one being "strongly disagree" and five being "strongly agree." The scale has been validated in 
multiple cultural contexts for construct and discriminant validity when measured in relation to 
other behavioral constructs, with Chronbach's alpha ranging from .76 to .90, with the majority in 
the high .80s (Luszczynska et al., 2005). The shortened Generalized Self-Efficacy scale (GSE) 
had good internal reliability (ɑ = .89) in the first survey and in the second survey (ɑ = .89).  
Disability Identity. Four items about disability identity and the social model of disability 
from the Questionnaire on Disability Identity and Opportunity (QDIO) (Darling & Heckert, 2010) 
were included and were expected to correlate with measures of relatedness. The 4-item scale had 
two positively- and two negatively-worded items like, "It isn't easy for people with disabilities to 
be treated as 'normal,'" and "My disability is an important part of who I am." Items were taken 
from two subscales, which had acceptable internal reliability in the initial study (disability pride, ɑ 
= .78; social model, ɑ = .72). The Disability Identity scale had poor reliability (ɑ = .56), and was 
the only unidimensional scale with negatively- and positively-worded items (see Appendix A. 
Survey 1 Measures).  
Procedure 





over the course of three months at the beginning of 2019. In order to accommodate people with 
disabilities who had difficulty completing an online survey, large-print paper copies were 
mailed upon request or delivered in-person, and the survey was conducted by phone by request. 
Of 10 paper surveys distributed, two were returned and the survey was conducted by phone for 
five participants. Some questions were not applicable to people without disabilities or to people 
with different disabilities, so branching logic was used to exclude non-relevant questions and 
improve participant retention during the survey. Similarly, questions like household income 
which people sometimes do not want to answer, or have difficulty answering, as well as 
cognitively challenging questions were not required in order to improve completion rates for the 
overall survey. Some of these difficult measures included trip distances, travel expenses, and 
other open-entry continuous variables.   
Analytic Approach 
R version 4 (R Core Team, 2020) and RStudio version 1.3.959 (RStudio Team, 2020) 
were used to conduct all analyses. Individual packages are cited with the analyses below and a 
complete list can be found in Appendix F. List of R Packages. Analyses of all models followed 
recommendations for reporting structural equation modeling in psychological research (Morrison 
et al., 2017). Bonferroni corrections for multiple comparisons were applied to alpha levels for all 
analysis, meaning that the alpha level was adjusted by dividing the standard .05 level by the 
number of tests in each model and by the number of hypotheses tested (Perrett & Mundfrom, 
2010).  
Missing Values 
Some items on the TTBPN scale had missing values because they were worded to apply 





urban setting (for example, some items referred to public transit modes). Because there were a 
small number of missing observations (n = 11, 3.7%), incomplete observations were removed by 
listwise deletion.  
Tests of Assumptions 
The MVN package (Korkmaz et al., n.d.) was used to analyze univariate normality using 
the Shapiro-Wilks test, and multivariate normality using both the Mardia and Royston tests. The 
data were not multivariate normal, but the majority of univariate values for skewness and 
kurtosis were between  −1 and  +1 range for the indicators, so the data were treated as 
approximately normal (Muthén & Kaplan, 1985), and maximum likelihood (MLR) estimation 
with robust (Huber-White) standard errors was used to fit all models.  
Results 
Measurement Construct Validity 
As a preliminary construct validity check for the TTBPN scale and subscales—autonomy 
(AUT-T), relatedness (REL-T), and competence (COM-T)—I calculated correlations between 
means of the subscales, related subscales on the BMPN scale (AUT-F, REL-F, and COM-F), and 
related individual construct measures of PAC (autonomy), GSE (competence), and QDIO 
(relatedness). Because the QDIO questions were only asked of disabled participants, complete 
cases were included for the subscale correlation analysis (n = 168) (see Table 2 for results) and 
for the alternative model of basic psychological needs fulfillment. The autonomy subscale of the 
TTBPN measure had an inverse relationship with autonomy fulfillment (r = −.40, p < .001) and 
the perceived accessibility scale (PAC) (r = −.68, p < .001). The relatedness TTBPN subscale 
was also inversely correlated with the relatedness fulfillment subscale (r = −.34, p < .001), but 





inversely correlated with the competence fulfillment subscale (r = −.392, p < .001) and 
generalized self-efficacy scale (r = −.44, p < .001).  
Table 2 
Survey 1 Subscale Correlations  
Means, standard deviations, and correlations 
Variable M SD 1 2 3 4 5 6 7 8 
1.AUT-T 2.22 0.84           
2.REL-T 2.38 0.71 0.540***        
3.COM-T 2.33 0.83 0.612*** 0.521***        
4.AUT-F 3.64 0.81 −0.396*** −0.392*** −0.304***      
5.REL-F 3.06 0.71 −0.127 −0.349*** −0.169* 0.287***     
6.COM-F 3.29 0.74 −0.464*** −0.406*** −0.392*** 0.558*** 0.454***    
7.PAC 3.33 1.11 −0.675*** −0.433*** −0.463*** 0.407*** 0.214** 0.491***    
8.QDIO 2.38 0.84 0.106 −0.024 0.072 −0.154* 0.062 0.009 −0.032   
9.GSE 3.75 0.87 −0.330*** −0.259*** −0.435*** 0.341*** 0.303*** 0.479*** 0.383*** −0.099 
M and SD are used to represent mean and standard deviation, respectively. Computed correlation 
used spearman-method with pairwise-deletion. Bolded items indicate measures that were expected 
to have a strong correlation. *< .05, **p < .01, ***p < .001. Adjusted alpha = 0.006. 
 
Internal Consistency and Composite Reliability 
Cronbach's alphas for individual subscales were excellent for autonomy (ɑ = .93) and 
competence (ɑ = .91), and acceptable for relatedness (ɑ = .79). Subscales on the balanced 
measure of basic psychological needs fulfillment had poor internal consistency (autonomy, ɑ = 
.70; relatedness, ɑ = .48; competence ɑ = .51). Two of the additional construct validity measures 
had high internal consistency (perceived accessibility, a = .92; self-efficacy, a = .89), but the 
disability identity measure had poor internal consistency (a = .56).  
Composite reliability scores (CR) were calculated for the TTBPN scale and each of the 
subscales using the semTools package in R (Jorgensen et al., 2020). CR scores of .7 or greater 





acceptable individual CR scores (autonomy = .89, relatedness = .79, competence = .90). CR 
scores for subscales on the BMPN measure did not have adequate composite reliability 
(autonomy = .70, relatedness = .43, competence = .61).  
Confirmatory Factor Analysis 
The lavaan package in R (Rosseel, 2012) was used to fit four models. Given that there 
has been some ambiguity in the literature on whether basic psychological needs compose a single 
factor or three unique latent variables (Sheldon & Hilpert, 2012), CFA was conducted for the 
TTBPN scale and the BPNF scale as both 1-factor and 3-factor models.  
Model Specification. The baseline models included standardized estimates for all of the 
scale items and covariances for subscales where appropriate. Item responses on the TTBPN scale 
were on a 4-point scale, with one indicating "not difficult at all" and four indicating "very 
difficult." All other scales used a 5-point Likert scale with one indicating "strongly disagree" and 
five indicating "strongly agree." Negatively-worded items were reverse coded for analysis. 
Descriptive statistics for all observed variables are provided in Tables 3-5. See Appendix A for 
complete measure items.  
Table 3 
Descriptive Statistics for Transportation Thwarting Basic Psychological Needs (TTBPN) 
Observed Variables 
Item n Mean SD Skew Kurtosis 
A1-T 286 1.70 1.00 1.15 −0.02 
A2-T 286 1.95 1.00 0.70 −0.69 
A3-T 286 2.32 1.03 0.28 −1.06 
A4-T 286 1.92 0.97 0.69 −0.64 
A5-T 286 1.88 0.97 0.79 −0.49 
A6-T 286 2.13 0.95 0.48 −0.70 
R1-T 286 1.79 0.89 0.91 −0.05 





R3-T 286 2.10 1.09 0.42 −1.21 
R4-T 286 2.10 0.88 0.41 −0.59 
R5-T 286 2.23 1.05 0.26 −1.18 
R6-T 286 2.22 1.03 0.25 −1.16 
C1-T 286 1.82 0.85 0.73 −0.30 
C2-T 286 2.12 1.02 0.43 −1.01 
C3-T 286 2.39 1.00 0.01 −1.10 
C4-T 286 2.31 1.03 0.12 −1.20 
C5-T 286 1.99 0.98 0.62 −0.73 
C6-T 286 2.02 0.99 0.61 −0.70 
A = autonomy items, R = relatedness items, C = competence items 
 
Table 4 
Descriptive Statistics for Balanced Measure of Psychological Needs Fulfillment (BMPN) 
Observed Variables 
 n Mean SD Skew Kurtosis 
A1-F 286 3.51 1.12 −0.53 −0.5 
A2-F 286 3.61 1.11 −0.51 −0.48 
A3-F 286 4.06 0.89 −1.13 1.59 
A4-F 286 3.83 1.16 −0.8 −0.31 
R1-F 286 3.26 1.3 −0.18 −1.12 
R2-F 286 3.2 0.99 −0.38 −0.18 
R3-F 286 3.06 1.05 −0.2 −0.4 
R4-F 286 3.28 1.23 −0.18 −0.94 
C1-F 286 3.61 1.17 −0.66 −0.52 
C2-F 286 3.01 1.23 0.26 −1.11 
C3-F 286 3.48 1.2 −0.45 −0.79 
C4-F 286 3.7 0.88 −0.68 0.67 
A = autonomy items, R = relatedness items, C = competence items 
 
Model-Identification. The following fit statistics for the five models were calculated and 
compared to the respective cut-off levels; 1) Satorra-Bentler χ2 (S-Bχ2) test statistic (Satorra & 
Bentler, 1994), which deems a significant (p ≤ .05) χ2 as a poor fit but can be sensitive to sample 





reasonably good fit if values are between .05 and .08 (lower is better) (Brown, 2006); 3) 
Comparative Fit Index (CFI), with values ≥ .90 indicating reasonably good fit (Finch & French, 
2015); and 4) Standardized Root Mean Square Residual (SRMR), with values ≤ .08 suggesting 
good model fit to the data (Hu & Bentler 1999). See Table 5 for a comparison of fit statistics.  
Table 5 
Comparison of Robust Fit Statistics for Baseline CFA Models 
 n S-Bχ2 df  p CFI RMSEA SRMR 
Model 1 286 679.96 135 < 0.001 .761 .119 .08 
1-Factor TTBPN       
Model 2 286 388.37 132 < 0.001 .885 .082 .059 
3-Factor TTBPN       
Model 3 286 310.09 54 < 0.001 .660 .129 .104 
1-Factor BMPN       
Model 4 286 308.7 51 < 0.001 .658 .133 .103 
3-Factor BMPN       
TTBPN = Transportation thwarting basic psychological needs; BMPN= Balanced Measure of 
Basic Psychological Needs 
 
CFA fit statistics: S-Bχ2 = Satorra-Bentler χ2 test statistic (p = sig of x2), df = degrees of 
freedom, RMSEA = Root Mean Square Error of Approximation, CFI = Comparative Fit Index, 
SRMR = Standardized Root Mean Square Residual. 
 
Model Estimation 
Standardized models were calculated using maximum likelihood estimation. The 3-factor 
model for the TTBPN scale had better fit compared to the 1-factor model, but still had a poor fit 
based on RMSEA > 0.8. A chi-square test of difference was calculated to see whether there was 
a significant improvement in the fit for the 3-factor TTBPN model over the 1-factor model (1-
factor x2 = 849.22; 3-factor x2 = 86.404, Δx2 = 611.61, p < .001). The 1-factor and 3-factor 





B χ2 =3043.6, p < .001, RMSEA=.14, CFI=.75, SRMR=.08; 3-factor S-B χ2 =1040.4, p < .001, 
RMSEA=.14, CFI=.70, SRMR=.102).  
TTBPN Model Manipulation. Modification indices showed that some items on the 
subscales were highly correlated. For items that were similar in wording, the item with the 
weaker factor loading was removed. Several other items within the subscales were also 
correlated after checking for modification indices and were included in the model. The 
standardized fit statistics for the selected items improved from the first model (S-B χ2 =86.4, p 
=.02, RMSEA=.054, CFI=.97, SRMR=.033), meeting the cutoffs for RMSEA < 0.05, CFI ≥ 0.9  
and SRMR ≤ 0.08. Complete factor loadings are presented in Table 6 and Figure 1.  
Table 6 
Survey 1 TTBPN Final Model Factor Loadings  
 Beta SE Z-value CI Lower CI Upper 
A3-T .861 .044 20.273 .797 .968 
A4-T .708 .048 14.340 .590 .776 
A5-T .831 .048 16.908 .711 .897 
A6-T .794 .045 16.874 .666 .841 
R1-T .555 .054 9.047 .385 .597 
R2-T .600 .063 9.433 .469 .715 
R3-T .554 .061 9.926 .484 .722 
R4-T .701 .053 11.670 .514 .721 
C1-T .775 .043 15.151 .570 .739 
C2-T .843 .041 21.038 .780 .940 
C3-T .768 .041 18.594 .685 .846 
C6-T .673 .053 12.592 .559 .765 
Covariances:     
AUT-T: REL-T 0.64 .063 10.214 0.518 0.763 
AUT-T: COM-T 0.72 .044 16.436 0.634 0.806 
REL-T: COM-T 0.788 .045 17.482 0.699 0.876 
A = autonomy items, R = relatedness items, C = competence items. Beta represents standardized 








Survey 1 TTBPN Final Model Diagram  
 
Convergent and Discriminant Validity. There are two validation measures for CFA 
models which aim to distinguish how well latent variables explain the covariances between 
individual items (convergent validity), as well as the extent to which different latent variables 
diverge from each other, indicating that they are measuring different constructs (divergent 
validity). The average variance extracted (AVE) was calculated to test convergent validity 
(Fornell & Larcker, 1981), with scores greater than 0.5 indicating acceptable convergent validity 
(Nunkoo et al., 2013). Autonomy and competence subscales had acceptable AVE scores of .58 
and .61 respectively, but the AVE score for the relatedness subscale (.4) did not meet the cutoff 





The semTools package in R was used to calculate the discriminant validity of the model 
by calculating the heterotrait-monotrait (HTMT) ratio of subscale correlations to assess inter-
construct correlations for each subscale pair (Jorgensen et al., 2020). Voorhees et al. (2016) 
suggest an upper limit of .85 for this value, with greater values indicating that the subscales are 
not distinct enough (2016). Tests of discriminant validity showed acceptable values (< 0.85) 
between the autonomy and relatedness subscales (r = 0.74), between autonomy and competence 
(r = .77), and between competence and relatedness (r = .81). In other words, the individual 
constructs were related, but unique enough that they represent distinct latent variables.  
Discussion 
One of the goals of the survey was to measure factors that thwart or support basic 
psychological needs. Overall, the 3-factor TTBPN measure was internally valid for the sample 
and had better fit than the 1-factor model, showing that the latent variables of thwarted 
autonomy, relatedness, and competence were distinct. The items on the TTBPN scale also had a 
small range of choices for individual items (4 points) which may bias the estimates. 
The 1-factor and 3-factor models of the BMPN scale both had a poor fit, and the adapted 
measure did not seem to adequately measure the fulfillment of basic psychological needs for the 
entire sample. It could be that the measure was too general and did not adapt well to the 
transportation domain. However, the three scales that were included as similar measures to 
autonomy (PAC), competence (GSE), and relatedness (QDIO) had stronger correlations with the 
equivalent TTBPN subscales than the BMPN subscales, except for relatedness. This subscale 
performed poorly and was not adapted to apply to transportation, but the other two scales show 





In order to address measurement issues with the TTBPN scale, address the oversight of 
selecting a potential needs-fulfillment measure that only applied to the disabled participants 
(disability identity scale), and to address issues with disability measurement itself, a second 
survey was conducted. Final scale items were changed to a 5-point Likert scale on the TTBPN 
measure for the second survey. New measures for the fulfillment of relatedness and disability 
were also included.  
Survey 2: Revised Measures 
Participants 
Recruitment methods for the second survey were similar to the first, using snowball 
sampling through social media and disability organizations and affinity groups. A raffle prize of 
twenty $50 prizes was used as an incentive for participation and recruiting was done in conjunction 
with Study 3 (Chapter 4). There were a total of 905 visitors to the survey webpage during the study 
window and a total of 211 people completed the second survey, meaning that the overall response 
rate for people who clicked on the survey link or visited the website was 23.3%, not including 
participants who abandoned the survey midway (n = 114).  
Participants ranged in age from 18–74, with an average age of 36.8 years, (SD = 13.9). The 
sample had an overrepresentation of female participants (n = 135) compared to male participants 
(n = 69) and unspecified or non-binary participants (n = 7). 92 people reported at least one 
disability and 119 reported no disability. Broad disability types were: physical (n = 48), Deafness 
or hearing loss (n = 16), blindness or low vision (n = 43), cognitive disability (n = 42), self-care 
disability (n = 27), and communication disability (n = 16). Some participants also responded that 
they experienced severe anxiety (n = 22), depression (n = 22), pain (n = 23), or fatigue (n = 39), 





and some participants reported multiple disabilities. See Table 7 for demographic details. 
Disability profiles are presented in Chapter 3.  
 
Table 7 
Survey 2 Demographic Profiles 
 Disabled Nondisabled 
Gender         
  Female 63 (68.5%) 72 (60.5%) 
  Male 27 (29.3%) 42 (35.3%) 
  Not specified 2 (2.2%) 5 (4.2%) 
Race/Ethnicity         
  White 51 (55.4%) 38 (31.9%) 
  Non-white 41 (44.6%) 73 (61.3%) 
  Not specified 0 (0.0%) 8 (6.7%) 
Education         
  High school or less 24 (26.1%) 26 (21.8%) 
  College 31 (33.7%) 59 (49.6%) 
  Advanced degree 37 (40.2%) 30 (25.2%) 
  Not specified 0 (0.0%) 4 (3.4%) 
Income Range         
  <10,000 10 (10.9%) 7 (5.9%) 
  10,000–30,000 26 (28.3%) 23 (19.3%) 
  30,000–70,000 24 (26.1%) 29 (24.4%) 
  100,000+ 11 (12.0%) 16 (13.4%) 
  Not specified 21 (22.8%) 44 (37.0%) 
Employment Status *         
  Full Time 34  65   
  Part Time 18  25   
  Self-Employed 5  11   
  Student 11  17  
  Unemployed 14  12  
  Retired 8  2  






New and Refined Measures 
 Several refinements to the instrument were made in the second survey, including 
modified wording to combine some correlated items that were removed from the first TTBPN 
model, along with new items for the autonomy and relatedness scales which had room for 
improvement on factor loadings. The QDIO (disability identity) scale in the first survey only 
applied to people with disabilities and was a poor choice for a general measure of the fulfillment 
of relatedness, which was replaced with a more general discrimination scale. At the same time, 
the categories of disabilities may have been too general for some types of disabilities and may 
have missed other types of disabilities. Additionally, there was no way to determine the degree 
of disability through categorical variables, so a new measure of disability was included to 
address both of these issues (Madans et al., 2011).  
Transportation Thwarting Basic Psychological Needs (TTBPN) Scale. There was 
high internal consistency for the TTBPN scale (ɑ = 0.92) in the initial survey (n = 286), but 
confirmatory factor analysis revealed that some items did not cohere with the latent variables of 
autonomy, relatedness, and competence. Of the three subscales, relatedness had the lowest 
internal consistency (ɑ = 0.79) and the measure of disability identity that was included to 
measure fulfillment of relatedness also had poor internal consistency (ɑ = .56). Additionally, 
some items on the TTBPN scale were developed to apply to either urban or suburban and rural 
locales, but there were not enough participants in a non-urban sample to make comparisons. In 
the revised measure, some items were reworded to have broader applicability and the revised 
measure allowed participants to choose if an item "doesn't apply to me." There was no way of 





that did not apply to them at all rather than as not having any difficulty with issues that were 
relevant to their experiences (see Appendix B. Survey 2 Revised and New Measures). 
Everyday Discrimination Scale. Four items from the Everyday Discrimination (ED) 
scale (Williams et al., 1997) were adapted to apply to a transportation context. The ED is one of 
several measures of discrimination developed for measuring racial discrimination in healthcare 
settings, and measures unfairness experienced during minor encounters. Psychometric properties 
were analyzed in a study of adults of different ethnicities in Boston and the measure was shown 
to have high internal consistency (ɑ = 0.74) (Krieger et al., 2005). Items were reverse-coded to 
be on a positive scale and had high internal consistency for the current study (ɑ = .90) 
The Minimum European Health Module Disability Question. The Minimum 
European Health Module (MEHM) is a set of three questions designed to record an individual's 
health, chronic conditions, and activity limitations to determine disability status for the European 
Health Interview Survey (EHIS) (Cox et al., 2009). Because of the general audience and research 
interest in activity limitations caused by disability status, a modified question from the MEHM 
about the degree of activity limitations ("not limited at all," "limited but not severely," or 
"severely limited") due to broad disability types (blindness or low vision, Deafness or being hard 
of hearing, communication challenges, mobility challenges, upper body functioning, difficulty 
remembering or concentrating, anxiety or depression, pain, or fatigue) was included as a global 
measure of disability. This question was used with branching logic to ask more in-depth 
questions about disability, described in the next chapter. Participants who responded that their 
daily activities were "not limited at all" were categorized as nondisabled and those who 






The second survey was conducted using Qualtrics software (Qualtrics, Provo, UT) and 
was open to participants over the course of five months beginning in late November of 2019. In 
order to accommodate people with disabilities who had difficulty completing an online survey, 
large-print paper copies could be mailed upon request, and the survey was conducted by phone 
by request. Four participants completed the survey by phone. Detailed disability questions were 
presented to participants who answered "limited, but not severely" or "severely limited" on the 
global disability measure. Some questions were not required in order to improve higher 
completion rates for the overall survey, which took anywhere from 15-30 minutes to complete. 
Analytic Approach 
The lavaan package in R (Rosseel, 2012) was used to fit two CFA models. Because the 3-
factor TTBPN models in Survey 1 were shown to perform better than a 1-factor model in the 
first survey, a 3-factor confirmatory factor analysis was conducted for the TTBPN scale. The 1-
factor and 3-factor models of the Balanced Measure of Psychological Needs (BMPN) scale did 
not have a good fit. A second model was fit for the alternative 3-factor scale of the fulfillment of 
psychological needs (ALT-BPNF), using the perceived accessibility, everyday discrimination, 
and self-efficacy scales as equivalent latent variables of autonomy, relatedness, and competence 
fulfillment.  
Tests of Assumptions. The MVN package in R (Korkmaz et al., 2014) was used to 
analyze univariate normality of the TTBPN scale using the Shapiro-Wilks test, and multivariate 
normality of the data using the Mardia test of multivariate normality. The data were not 





showed that many of the items were skewed, but all of the items were within a range of +1 to −1 
so were treated as approximately normal. 
Missing Data. Because the TTBPN scale was modified to include a "does not apply" 
option, these responses were treated as missing data (see Table 10 for the number of responses 
for each item). Rather than using listwise deletion for incomplete cases, full information 
maximum likelihood (FIML) was used for model estimation to impute missing values based on 
the observed values. Items for the ALT-BPNF scale had no missing values (n = 211). 
Results  
Internal Consistency and Composite Reliability 
Cronbach's alphas for the subscales were lower than the first survey (autonomy, ɑ = .93; 
relatedness, ɑ = .79; competence, ɑ = .91), but still considered to be a good fit for autonomy (a = 
.89) and competence (ɑ = .84), and acceptable for the relatedness subscale (ɑ = .77). The TTBPN 
scale had an overall CR score of .95 and the subscales had acceptable CR scores (autonomy = 
.88, relatedness = .83, competence = .85). The subscales from the ALT-BPNF model had high 
internal consistency (perceived accessibility, a = .89, everyday discrimination, a = 0.87, self-
efficacy, a = .86). The ALT-BPNF scale had an overall composite reliability score of .90. The 
individual scales also had acceptable composite reliability scores (perceived accessibility = .89, 
self-efficacy = .87, everyday discrimination = .87). 
Model Specification 
The baseline models included standardized estimates for all of the scale items and 
covariances for subscales where appropriate. Item responses on the TTBPN scale were on a 5-
point scale with one indicating "not difficult at all" and five indicating "very difficult," and 





frequencies ranging from "never," to "almost every day." Responses were reverse-scored to align 
with the direction of the PAC and GSE scales, which used a 5-point Likert scale with one 
indicating "strongly disagree" and five indicating "strongly agree." Descriptive statistics for all 
observed variables are provided in Tables 8 and 9. See Appendix A Survey 2 Revised and New 
Measures.  
Table 8 
Descriptive Statistics for Survey 2 TTBPN Observed Variables  
 n Mean SD Skew Kurtosis SE 
A1-T 198 1.68 1.15 1.61 1.44 .08 
A2-T 207 2.11 1.14 0.88 −0.17 .08 
A3-T 211 2.4 1.27 0.56 −0.78 .09 
A4-T 206 1.95 1.2 1.03 −0.17 .08 
A5-T 207 2.32 1.23 0.59 −0.75 .09 
A6-T 195 2.15 1.25 0.79 −0.52 .09 
R1-T 200 1.89 1.06 1.24 0.9 .08 
R2-T 202 2.25 1.17 0.57 −0.69 .08 
R3-T 204 2.39 1.2 0.49 −0.68 .08 
R4-T 190 2.71 1.31 0.14 −1.22 .1 
R5-T 202 2.27 1.36 0.69 −0.88 .1 
R6-T 201 2.51 1.27 0.29 −1.03 .09 
C1-T 209 1.94 1.11 1.11 0.35 .08 
C2-T 209 2.51 1.3 0.38 −1.14 .09 
C3-T 210 2.45 1.25 0.58 −0.74 .09 
C4-T 208 2.22 1.27 0.83 −0.48 .09 
A = autonomy items, R = relatedness items, C = competence items  
 
Table 9 
Descriptive Statistics for ALT-BPNF Observed Variables 
 n Mean SD Skew Kurtosis SE 
PAC1 211 3.66 1.04 −0.83 0.21 0.07 
PAC2 211 3.63 1.1 −0.89 0.06 0.08 
PAC3 211 3.78 1.03 −1.04 0.68 0.07 





GSE1 211 3.8 0.96 −0.85 0.33 0.07 
GSE2 211 3.94 0.85 −1.1 1.79 0.06 
GSE3 211 4.01 0.8 −1.24 2.77 0.06 
GSE4 211 3.95 0.84 −0.93 1.3 0.06 
ED1 211 3.35 1.3 −0.32 −1.01 0.09 
ED2 211 3.52 1.33 −0.48 −0.89 0.09 
ED3 211 3.36 1.31 −0.31 −0.98 0.09 
ED4 211 4.06 0.99 −0.94 0.64 0.07 
PAC = Perceived Accessibility of Transportation (comparable to autonomy scales), GSE = 
Generalized Self Efficacy (comparable to competence scales), ED = Everyday Discrimination 
(comparable to relatedness scales). 
 
Model Identification 
Fit statistics for the two models were calculated and compared to the following cut-off 
levels: 1) Satorra-Bentler χ2 (S-Bχ2) test statistic (Satorra & Bentler, 1994), which deems a 
significant χ2 (p ≤ .05) as a poor fit but can be sensitive to sample size (Brown, 2006); 2) Root 
Mean Square Error of Approximation (RMSEA), which has a reasonably good fit if values are 
between .05 and .08 (lower is better) (Brown, 2006); 3) Comparative Fit Index (CFI), with 
values ≥ .90 indicating reasonably good fit (Finch & French, 2015); and 4) Standardized Root 
Mean Square Residual (SRMR), with values ≤ .08 suggesting good model fit to the data (Hu & 
Bentler 1999). See Table 10 for a comparison of fit statistics for each model.  
Table 10 
Comparison of fit statistics for baseline CFA models 
 n S-Bχ2 df  p CFI RMSEA SRMR 
Model 1 (157) 211 268.17 101 < .001 .859 .098 .078 
3-Factor TTBPN       
Model 2 211 59.4 52 .224 .992 .029 .045 





TTBPN = Transportation thwarting basic psychological needs; ALT-BPNF = Alternative 3-




Standardized models were calculated using maximum likelihood estimation. The 3-factor 
baseline model for the second TTBPN scale had worse overall fit than the first model, but the 
number of missing values due to the "this doesn't apply to me" option may have had some impact 
on the fit. The ALT-BPNF model, meant to assess fulfillment of basic psychological needs, had 
much better fit than the first survey (S-Bχ2 = 75.65, df = 52, CFI = .98, RMSEA = .046, SRMR 
=.042), but also had complete cases and an improved subscale for the relatedness factor (ED). 
Complete factor loadings for the ALT-BPN scales are presented in Table 11 and Figure 2. 
Table 11 
Survey 2 ALT-BPNF Final Model Parameters Estimates 
 Beta SE z-value CI lower CI upper 
PAC1 .77 .063 12.745 0.677 0.923 
PAC2 .823 .064 14.043 0.776 1.028 
PAC3 .809 .061 13.676 0.715 0.954 
PAC4 .856 .065 14.879 0.838 1.093 
GSE1 .683 .061 10.723 0.533 0.771 
GSE2 .782 .041 15.898 0.576 0.738 
GSE3 .816 .041 15.898 0.576 0.738 
GSE4 .857 .049 14.713 0.621 0.812 
ED1 .808 .094 13.495 1.079 1.446 
ED2 .83 .094 14.03 1.134 1.503 
ED3 .827 .093 13.951 1.111 1.475 
ED4 .678 .076 10.592 0.653 0.949 
Covariances:     
PAC: GSE .44 .065 6.795 0.313 0.566 
PAC: ED .296 .072 4.117 0.155 0.437 





Beta represents standardized coefficients, SE represents standard error, CI represents 
confidence interval. PAC = Perceived Accessibility of Transportation (comparable to autonomy 
scales), GSE = Generalized Self Efficacy (comparable to competence scales), ED = Everyday 




Survey 2 ALT-BPNF Final Model Diagram 
 
Model Manipulation 
Modification indices showed that some items on the TTBPN subscales were highly 
correlated. For items with similar wording, the item with the weaker factor loading was removed. 
The standardized fit statistics for the selected items improved from the first model, (S–B χ2 
=105.21, p < .001, RMSEA =.074, CFI =.0.88, SRMR=.051), but did not meet the cutoff for 





fit. Complete factor loadings are presented in Table 12 and Figure 3, and model fit comparisons 
are presented in Table 13. 
Table 12 
Survey 2 TTBPN Final Model Parameter Estimates 
 B SE z-value CI lower CI upper 
A2-T .878 .064 15.825 0.881 1.130 
A3-T .826 .064 16.392 0.921 1.171 
A5-T .793 .073 13.615 0.846 1.131 
A6-T .773 .077 12.444 0.807 1.109 
R2-T .614 .082 8.799 0.558 0.878 
R3-T .681 .076 10.778 0.668 0.965 
R4-T .739 .074 12.902 0.807 1.096 
R6-T .719 .082 11.029 0.743 1.065 
C1-T .833 .072 12.733 0.780 1.063 
C2-T .720 .073 12.889 0.794 1.079 
C3-T .773 .069 13.865 0.824 1.096 
C4-T .608 .093 8.294 0.588 0.952 
Covariances:     
AUT: REL  .728 0.058  12.548 0.615 0.842 
AUT: COM .769 0.051  15.003 0.668 0.869 
REL: COM .861 0.049  17.678 0.766 0.956 
Beta represents standardized coefficients, SE represents standard error, CI represents 








Survey 2 TTBPN Final Model Diagram 
 
Table 13 
Comparison of Fit Statistics for Final CFA Models 
 n SB-X2 df   p CFI RMSEA SRMR 
Model 1 (168) 211 105.21 49 < 0.001 0.94 0.088 0.051 
3-Factor TTBPN       
Model 2 211 59.4 52 0.221 0.992 0.026 0.042 
3-factor ALT-BPNF        
TTBPN = Transportation thwarting basic psychological needs; ALT-BPNF = Alternative 3-
factor measurement of basic psychological needs fulfillment using PAC (autonomy), GSE 
(competence), and ED (relatedness).  
 
CFA fit statistics: S-Bχ2 = Satorra-Bentler χ2 test statistic (p = sig of x2), df = degrees of 
freedom, RMSEA = Root Mean Square Error of Approximation, CFI = Comparative Fit Index, 






Convergent and Discriminant Validity 
To determine convergent validity, both models were assessed for the average variance 
extracted (AVE) (Fornell & Larcker, 1981). To assess divergent validity, the heterotrait-
monotrait ratio (HTMT) (Voorhees et al., 2016) was calculated among the three latent variables 
in each model. The TTBPN scale had acceptable AVE scores (autonomy = .66, relatedness = .55, 
competence = .58), and acceptable discriminant validity (values lower than .85 on the HTMT 
ratio) was found between the TTBPN autonomy and relatedness subscales (r = 0.74), autonomy 
and competence subscales (r = .75), and competence and relatedness subscales (r = .84). The 
ALT-BPNF scale also had acceptable AVE scores  (perceived accessibility = .66, self-efficacy = 
.62, everyday discrimination = .62), as well as acceptable discriminant validity between the 
perceived accessibility and self-efficacy scales  (r = .46), the perceived accessibility and 
everyday discrimination scales (r = .30), and the self-efficacy and everyday discrimination scales 
(r = .30). 
Multigroup CFA  
Because average values on the TTBPN scale were expected to vary based on disability 
status, tests of invariance were conducted to determine whether the 3-factor structure was the 
same for each group even if the mean values of the latent variables were different. If the factor 
structure is invariant and mean differences in the indicator variables are due to differences in the 
underlying latent variables, then analysis of group mean differences is appropriate. Tests for 
configural invariance, metric invariance (or measurement or weak invariance), and scalar 
invariance (or strong or factorial invariance) were fit to analyze whether the underlying latent 
structure was the same for both disabled and nondisabled participants (Finch & French, 2015). 





groups. Metric invariance means that factor loadings are the same across groups, or that the 
latent variables are measured in the same way across groups. Scalar invariance indicates that 
differences in the average scores of the observed indicators vary across groups due to mean 
differences of the latent variables. Strict factor invariance (or residual variance) means that a lack 
of scalar invariance is due to invariance of one or more of the unique indicator variables. 
Because future analyses focus on latent mean group differences, strict factor invariance was not 
tested for either of the models (Putnick & Bornstein, 2016). 
TTBPN Scale 
A chi-square difference test was fit to compare the configural two-group model with all 
unconstrained parameters to the metric invariance model, which constrained factor loadings 
between the groups. The model was not significantly worse compared to the configural 
invariance model, which means that constraining loadings across groups did not affect the model 
fit; therefore, metric invariance was supported. In other words, the metric model was the same 
for both groups, meaning that the observed measures were related to the latent variables in the 
same way. Continuing to the next step, a scalar invariance model was fit, which constrained both 
the factor loadings and intercepts across groups. A chi-square difference test between the metric 
invariance and scalar invariance models was not significant, which means that constraining 
loadings across groups did not affect the model fit; therefore, scalar invariance was supported, 
indicating that latent mean comparisons were appropriate for this model. See Table 14 for fit 
statistics for each model. 
Table 14 
Measurement Invariance Model Fit Statistics for TTBPN Scale 
 S-Bχ2 df RMSEA CFI  p Δ x2 





Metric Invariance 197.378 103 .093 .925 .025 
Scalar Invariance 218.212 112 .095 .916 .016 
CFA fit statistics: S-Bχ2 = Satorra-Bentler χ2 test statistic, df = degrees of freedom, RMSEA = 
Root Mean Square Error of Approximation, CFI = Comparative Fit Index, SRMR = 
Standardized Root Mean Square Residual. p Δ x2 = p-value for chi-square difference test for 
model and previous model. Adjusted alpha level = .01. 
ALT-BPNF Scale 
The above procedure was repeated for the alternative measure of basic psychological 
needs fulfillment using the perceived accessibility, general self-efficacy, and everyday 
discrimination scales as subscales in a 3-factor model. After finding evidence of configural and 
metric invariance, the scalar factorial variance model was fit with constrained factor loadings and 
intercepts, but the chi-square difference test between the scalar and measurement invariance 
models was significant, indicating partial scalar invariance. Modification indices were calculated 
to identify parameters that had a strong influence on the difference in chi-square and one 
intercept constraint was freed to test a partial invariance model. A model that freed the intercept 
for the third item on the everyday discrimination scale showed a difference in chi-square from 
the previous scalar invariance model. This indicates that it is appropriate to compare scale means 
on the perceived accessibility and self-efficacy subscales because the mean differences in the 
latent constructs capture the mean differences in the shared variance of the items. If allowing for 
partial invariance of the everyday discrimination measure, mean comparisons are also 
appropriate between groups (Finch & French, 2015). See Table 15 for fit statistics for each 
model. 
Table 15 
Measurement Invariance Model Fit Statistics for ALT-BPNF Scale 
 S-Bχ2 df RMSEA CFI  p Δ x2 
Configural Model 149.384 103 .065 .963  





Scalar Invariance 188.472 121 .073 .947 .007 
Partial Scalar Invariance 178.636 120 .068 .954 .141 
CFA fit statistics: S-Bχ2 = Satorra-Bentler χ2 test statistic (p = sig of x2), df = degrees of freedom, 
RMSEA = Root Mean Square Error of Approximation, CFI = Comparative Fit Index, SRMR = 
Standardized Root Mean Square Residual. p Δ x2 = p-value for chi-square difference test for model 
and previous model. Adjusted alpha level = .01. 
 
Discussion  
The results of the scale development show that the TTBPN scale is internally consistent 
with composite, convergent, and discriminant validity, and adequately captures a 3-factor 
structure of factors that thwart autonomy, relatedness, and competence fulfillment in 
transportation environments. However, the overall fit of the model was not ideal for some 
common fit statistics (e.g., RMSEA and S-Bχ2), which may be due to power issues from missing 
values on many of the TTBPN items. There was evidence of metric and scalar invariance for the 
3-factor TTBPN model and each of the subscales, indicating that group comparisons of the latent 
means is appropriate for future analysis. The alternative basic psychological needs fulfillment 
measure (ALT-BPNF) was also internally consistent and met the criteria for both convergent and 
discriminant validity, although the PAC items appear to be too highly correlated in data from 
both surveys. The relatedness subscale (everyday discrimination) had partial scalar invariance 
due to one of the four items on the scale. While there are no standards for an acceptable partial 
scalar invariance, some researchers suggest that fewer than half of the indicator variables can be 
invariant without affecting comparisons of the latent means (Vandenberg & Lance, 2000). 
Overall, both measures show promise for identifying items that measure latent constructs of the 






 Although more research is needed to understand how perceived environmental deficits in 
the transportation domain relate to the fulfillment of autonomy, relatedness, and competence, the 
initial scale development shows that the constructs of factors that thwart basic psychological 
needs are inversely related to existing fulfillment measures of similar constructs. While the 
TTBPN scale was largely developed from qualitative research from the perspective of people 
with disabilities, other scale items measure transportation disadvantage in a broader sense and 
can be applied universally. Items that were very disability-specific also had weaker factor 
loadings and were removed from the final models. The measurement of the fulfillment of needs 
is more abstract than the transportation barriers measure in many ways, but provides a way to 
further validate the questionnaire as a construct-validity check and to measure the fulfillment of 
needs in a transportation context.  
Limitations 
Improvements to measures for the alternative model of basic psychological needs 
fulfillment (ALT-BPNF) greatly improved the model fit in the second survey. The revised 
TTBPN scale resulted in worse fit, some of which can be explained by a high number of missing 
values as a result of allowing participants to record that certain indicators did not apply to them. 
It is not clear if the relatively good fit from the revised TTBPN model in Survey 1 was an artifact 
of people selecting "not difficult at all" to conditions that did not apply to them, like distance to 
bus stops or subway stations in areas without public transit. Scalar invariance was only 
established for two of the three subscales in the ALT-BPNF model, which may bias the estimates 






For some of the survey items, the missing or "not applicable" cases could hypothetically 
be explained by other variables in the survey, like disability status for some items, or the 
availability of public transit for others. Most social scientists encounter missing data, often as a 
result of research design, such as missing observations in longitudinal studies or when some 
participants do not see questions based on responses to another question. In this case the 
missingness leads to more precision in the observed variables but reduces statistical power. Some 
missing values may also be based on individual choices, like driving as a primary transportation 
mode even where public transit is available. Future research should determine a process for 
handling missing values on these items, which might be treated as missing at random (MAR) and 
imputed based on other explanatory variables in order to generate missing values with more 
precise estimations (Schafer & Graham, 2002). However, the use of ordinal measurements for 
the scale items present additional challenges for multiple imputation (Chen et al., 2005). 
In the next chapter, the relationship of the transportation barriers and fulfillment of basic 
psychological needs in transportation will be analyzed in conjunction with a long-term measure 
of well-being. Autonomy, competence, and relatedness will also be analyzed to determine the 
relative influence of the different needs on the outcome of well-being. I will also explore whether 





Chapter 3: Basic Psychological Needs in Transportation and Connections to Well-being 
Responses to supportive or challenging environments involve the internalization of 
experiences and integration of social norms into behaviors and practices (Ryan & Deci, 2017). 
Lacking enjoyable and rewarding activities as a reason to travel, as well as diminished travel 
satisfaction, social inclusion, or motility can individually—and in combination—predict poor 
well-being. This study explores how individual traits, including age, household income, 
disability status, gender, or race interact with environmental and structural conditions to 
influence basic psychological needs fulfillment in transportation and well-being. The primary 
goal is to understand the relationships between disability, transportation barriers, fulfillment of 
psychological needs in transportation, and well-being. A secondary goal is to explore which 
disability and functional limitation types are more likely to be associated with transportation 
challenges in order to a) determine if there are underrepresented disability types that should be 
included in transportation research, and b) determine how to operationalize disability for that 
purpose.  
Background and Literature Review 
The relationship between transportation and well-being has been established through a 
number of pathways including activity participation (Ettema et al., 2010), travel satisfaction and 
spill-over from travel experiences (Bergstad et al., 2011), motility or capacity for mobility 
(Kaufman et al., 2004), or social exclusion (Delbosc & Currie, 2011). All of these connections 
between transportation and well-being allude to individual characteristics interacting with 





Determinants of Transportation Access and Well-Being 
In analyzing the connection between transportation access and well-being, multiple 
individual characteristics have been identified as potential determinants of disparities, including 
age (Banister & Bowling, 2004; Ravulaparthy et al., 2013), income (Churchill & Smyth, 2019), 
gender (Roberts et al., 2011), race (Choi et al., 2013), and disability (Corran et al., 2018). 
However, the nature of these relationships is not always linear and may depend on geography, 
family composition, or compounding effects of individual traits. For example, Bergstad et al. 
(2011) examined how affective subjective well-being (SWB), cognitive SWB, and daily mood 
directly and indirectly affect satisfaction with travel among three age groups (young, 18-35; 
middle, 36-54; and old, 55+). They found that satisfaction with travel was greater for the older 
group than the younger group, and lower for households with children. Women have been shown 
to have a greater affective reaction to commuting, but this effect was partially explained by 
greater caregiving responsibilities (Roberts et al., 2011). Gender differences in daily mobility 
patterns have also been linked to race and poverty (Lee et al., 2018). Racial disparities in 
transportation access are often caused by geographic segregation, which is also correlated with 
income (Golub et al., 2013). The intersection of disability, race, and poverty points to multiple 
negative impacts of transportation on well-being (Reardon & Abdallah, 2013), meaning that 
attention must be paid to these predictors.  
Employment status, income, and socioeconomic status are also of interest in relation to 
transportation issues. Besides the obvious economic benefit of being employed which translates 
into greater potential to travel, there are also well-documented negative psychological impacts of 
commuting on short-term moods and long-term well-being, as well as spillover effects into other 





psychological effects of commuting can lead to long-term changes in transportation mode choice 
(De Vos & Witlox, 2016) or residential location (Cao & Ettema, 2014), changes that are 
dependent on individual resources. Additionally, challenges with transportation have been shown 
to be a barrier to employment for people with disabilities (Kessler Foundation, 2015), an 
outcome that can be difficult to separate from someone's home location. The choice of residential 
location in New York City is restricted by income and by limited availability of affordable and 
accessible housing (Aitken et al., 2019; Hughes, 2019). People with disabilities are likely to be 
multiply-disadvantaged in terms of transportation, employment, and housing. 
Dimensions of Disability 
The complexity of disability makes measurement and generalization in any area of study 
challenging. Disability questions in the decennial United States Census have changed several 
times since they were first introduced in 1990 (How Disability Data are Collected from The 
American Community Survey, n.d.), and are now only administered in the rolling American 
Community Survey, which reaches just one in 480 households every month (American 
Community Survey Information Guide, 2017). Despite the inconsistency of the data collected by 
the Census, its six categories of disability which focus on functional limitations are still 
commonly used in other national surveys (Disability Data in National Surveys, 2015). These 
categories are: difficulty a) hearing, b) seeing even when wearing glasses, c) concentrating, 
remembering, or making decisions, d) walking or climbing stairs, e) dressing or bathing, or f) 
doing errands alone. These disability types fail to capture challenges with communication, 
chronic disease, and related disabilities like pain and fatigue, or psychiatric disabilities like 





There is no universally utilized measure of disability despite great worldwide interest in 
disability issues (Palmer & Harley, 2012). However, there has been recent support for using 
standardized questionnaires developed by the Washington Group on Disability Statistics (Groce 
& Mont, 2017) which measure disability types and severity based on common functional 
limitations. The United Nations Statistical Commission appointed the Washington Group to 
study existing international measures of disability and create a universal disability questionnaire. 
Their long-form questionnaire also includes communication disability and mental health 
questions (Madans et al., 2011). Multiple disabilities complicate analysis, but the dimensional 
measure of disability, which can be scored on a continuum rather than as a binary or categorical 
variable, may be useful in addressing this challenge. Disability measurement issues are addressed 
in the iterations of the survey to attempt to explore which dimensions of disability and 
functioning are associated with transportation challenges.  
Existing research on disability and transportation, as outlined in Chapter Two, shows that 
there are both unique and shared challenges among people with different types of disabilities. 
For example, architectural barriers may be an insurmountable challenge for people with mobility 
disabilities but less of an obstacle for people with sensory disabilities, while information barriers 
may be more challenging for people with both sensory and communication disabilities. At the 
same time, the removal of barriers and improvement in information design can be beneficial for 
people with all types of disabilities. While the environmental limitations may be different, the 
outcomes of frustration with travel and limitations on mobility are expected to be shared.  
Transportation Barriers, Needs Fulfillment, and Well-Being 
 There are different ways of conceptualizing how the three needs interact with each other 





little agreement about which model structure is most appropriate for measures of basic 
psychological needs and measures may combine thwarting and fulfillment of each need into one 
factor after reverse-coding negative items, or analyze support and frustration as two additional 
latent variables (Sheldon & Hilpert, 2012). Much of the self-determination literature is concerned 
with confirmatory factor analysis, as was the previous chapter, but there is limited research 
relating these theories to transportation.  
A study that aimed to measure both short-term well-being (travel affect) and long-term 
well-being (travel eudaimonia) found support for competence and autonomy as two of four latent 
variables hypothesized to measure eudaimonic well-being (Singleton & Clifton, 2019). 
Participants were asked how much they felt their last commute to work via different modes of 
transportation fulfilled their desires for items like freedom, variety, control, and safety, let them 
express their independence, identity, and social status, and improved their self-confidence and 
mental and physical health. Measures of short-term well-being came from the Positive and 
Negative Affect Schedule (PANAS; Watson et al., 1988), which was also modified to the 
commuting context. Items associated with latent variables of enjoyment, attentiveness, distress, 
and fear were identified as latent constructs through exploratory factor analysis and confirmed 
after items with poor factor loadings were removed. A model with two factors each for measures 
of positive and negative affect had the best fit for a short-term measure of well-being. To 
compare the measures of short-term and long-term well-being, the authors calculated correlations 
but didn't make any strong theoretical connections between the items on the travel affect and 
travel eudaimonia scales. 
Vella-Brodrick and Stanley (2013) analyzed six subscales of a general psychological 





positive affect (PA) and negative affect (NA) as measured by the PANAS, and between transport 
mobility and satisfaction with life (SWL, Diener et al.,1985). They hypothesized that the three 
basic psychological needs might mediate these relationships and found that the subscales that 
measured relatedness and competence had significant indirect effects between transport mobility, 
and SWL, PA, and NA, but no effect for autonomy, which they noted was surprising. The 
transport mobility scale had very small effects on the outcomes of SWL (Adj. R2 = 0.027, F = (1, 
533) = 15.70, p < 0.001), PA (Adj. R2 = 0.010, F = (1, 533) = 6.36, p < 0.05), and NA (Adj. R2 = 
0.006, F = (1, 533) = 4.27, p < 0.05). The F-statistic did not meet the cutoff for the negative 
affect model and no covariates were tested or included in the models.  
While the researchers found a moderate effect size for their final model predicting SWL 
(Adj. R2 = 0.473) and smaller effect sizes for positive affect (Adj. R2 = 0.301) and negative affect 
(Adj. R2 = 0.312), none of the intermediate variables were adapted to relate to transportation so 
strong relationships between general measures of psychological well-being and satisfaction with 
life are to be expected. The standardized coefficient of the transport mobility measure was also 
very small (B = −0.06) in comparison to the PWB subscales of self-acceptance (B = 0.335), 
environmental mastery (B = 0.239), and positive relations with others (B = 0.225) in the final 
regression model with SWL as the outcome variable. Beta was even smaller for models with PA 
(B = −0.018) and NA (B = 0.026) as the outcome measure. There were no hypotheses for why 
transport mobility might predict self-acceptance but not autonomy.  
 In the development of measures in Chapter 2, all scales were adapted to apply to 
transportation environments; however, the flourishing measure was included with no 
modifications. The transportation barriers scale showed metric and scalar invariance across 





subscales and partial scalar invariance for the relatedness subscale, indicating that they have 
adequate measurement invariance to compare the means of the latent variables. It seems 
beneficial to analyze these measures in a way that captures the process of internalization of 
environmental factors as described by Ryan and Deci's organismic integration theory (2017). 
Ryan and Deci (2017) describe internalization as the internal psychological processes that reflect 
the observable processes of socialization, or society's transmission of behavioral norms and 
values to individuals. The theory is that through internalization, "a process of active learning and 
self-extension" (Ryan & Deci, 2017, p. 180), the individual is integrated with society, adapting to 
the expected values and behaviors of the culture. In this case, it would be expected that the 
experience of facing difficulty with transportation would be followed by the individual's 
reflection on those challenges which may affect feelings of autonomy, relatedness, and 
competence, a process that might indirectly influence well-being. 
Research Questions 
Given evidence from prior literature that people with disabilities frequently encounter 
obstacles in transportation (NCD, 2005), two a priori hypotheses of this line of research are that 
people with disabilities will experience 1) greater difficulty overall with transportation barriers, 
and 2) less fulfillment of basic psychological needs as compared to people without disabilities. 
The study's fulfillment measures are an assessment of participants' subjective sense of autonomy, 
competence, and relatedness in the context of transportation. As such, items are more abstract 
than the transportation barriers measures utilized in Chapter 2, which assess difficulty with 
physical, social, and structural barriers in transportation that have been shown in the literature to 





fulfillment measures are necessary to understand how previous objective experiences with 
barriers impact subjective evaluation of basic psychological needs fulfillment (see Figure 4). 
 
Figure 4 
Conceptual Model  
Despite its widespread use in psychology, there has been criticism of using cross-
sectional data for mediation analysis because these models are causal by nature and cross-
sectional data cannot typically capture temporal antecedence (Fiedler et al., 2011). However, the 
following research questions are based on a rationale that experiencing transportation barriers 
would precede participants' assessment of needs fulfillment as related to transportation 
environments rather than the other way around. The same logic suggests that the assessment of 
needs fulfillment would be conditional on having experienced (or not experienced) those barriers 
prior to participating in the survey. If the impact of transportation barriers on well-being is 
mediated by fulfillment of basic psychological needs in transportation, we would expect this 
relationship to be influenced by disability status because of differences in level of difficulty with 





RQ1a: What are the relationships between transportation barriers, basic psychological 
needs fulfillment, and well-being? 
H1a: Transportation barriers will be inversely correlated with basic psychological needs 
fulfillment and well-being. 
RQ1b: Is the relationship between transportation barriers and well-being mediated by 
fulfillment of basic psychological needs?  
H1b: Basic psychological needs fulfillment will mediate a relationship between 
transportation barriers and well-being. 
RQ1c: Does the degree to which transportation barriers impact well-being via fulfillment 
of basic psychological needs vary as a function of having a disability?  
H1c: Disabled participants will report a greater negative effect of transportation barriers on 
well-being through less fulfillment of basic psychological needs than nondisabled participants.  
RQ2: How do autonomy, relatedness, or competence (including both factors that thwart 
and support each need) vary in their impact on flourishing?  
RQ3: Which disability types (or functional limitation types) are more likely to be 
associated with transportation challenges? 
The last two research questions are exploratory and do not have any associated 
hypotheses. 
Research Design 
Data from the second survey were used to analyze the first two research questions, using 
the scale means of the final measures for transportation barriers (TTBPN) and fulfillment of 
basic psychological needs (ALT-BPNF). For the third research question, I analyzed the degree of 





survey separately as the measures changed in between. Because there is little consistency in 
which types of disabilities are examined in transportation and mobility studies, and there is no 
consensus on as a standard demographic measure of disability, I examined the possibility that 
less-recognized forms of disabilities like mental health or pain and fatigue may affect the 
likelihood of experiencing transportation barriers.  
Methods 
Participants 
Adults over the age of 18 who live in New York State were recruited using snowball 
sampling for both surveys, with the goal of having similar-sized groups of people with disabilities 
and people without disabilities. A total of 297 participants completed the first survey, and 211 
completed the second survey. See Table 1 and Table 9 for participant demographic profiles for 
each survey.  
For the first survey, 179 people reported at least one disability and 118 reported no 
disability.  Broad disability types included: physical (n = 92), Deafness or hearing loss (n = 14), 
blindness or low vision (n = 21), developmental disability (n = 30), mental health (n = 84), and 
chronic condition (n = 54). Disability types were non-exclusive, and some people reported multiple 
disabilities. A follow-up question for people who responded that they had one of the main 
disability types asked about functional limitations that may affect people with different types of 
disabilities. These included being able to move around physically (n = 96), understand information 
(n = 30), see or hear information (n = 43), be around people (n = 77), deal with frustration (n = 73), 
or communicate (n = 48) (see Table 16 for Survey 1 disability profiles).  
Table 16 





 Total % of Total Sample % of Disabled Sample 
By Disability Type* 
 Physical 90 30.3% 50.3%  
 Blind/Low-Vision 10 3.4% 5.6% 
 Deaf/Hard of Hearing 53 17.8% 29.6% 
 Developmental 90 30.3% 50.3% 
 Chronic Condition 10 3.4% 5.6% 
 Mental Health 53 17.8% 29.6% 
By Functional Limitation Type* 
 Move Physically 92 31.0% 51.4% 
 Understand Information 76 25.6% 42.5% 
 See or Hear Information 48 16.2% 26.8% 
 Be Around People 92 31.0% 51.4% 
 Deal with Frustration 76 25.6% 42.5% 
 Communicate 48 16.2% 26.8% 
*Categories are not mutually exclusive 
 
For the second survey, 92 people reported at least one disability and 119 reported no 
disability. Disability types included difficulty: seeing (n = 43), hearing (n = 48), walking (n = 27), 
remembering or concentrating (n = 22), self-care (n = 23), and communicating (n = 2). Other less 
conventional types of disabilities were also included and analyzed for those participants who rated 
the severity of these disabilities to be "a lot." These included severe depression (n = 16), severe 
anxiety (n = 42), severe pain (n = 16), and severe fatigue (n = 22). Disability types were non-
exclusive, and some people reported multiple disabilities (see Table 17 for Survey 2 disability 
profiles). 
Table 17 
Survey 2 Disability Profiles 
Difficulty with: Total % of Total Sample % of Disabled Sample 
Seeing 43 20.4% 46.7% 
Hearing 16 7.6% 17.4% 






Concentrating 42 19.9% 45.7% 
Self-Care 27 12.8% 29.3% 
Communicating 16 7.6% 17.4% 
Severe Depression 22 10.4% 23.9% 
Severe Anxiety 22 10.4% 23.9% 
Severe Pain 23 10.9% 25.0% 
Severe Fatigue 39 18.5% 42.4% 
*Categories are not mutually exclusive 
 
Measures  
Both surveys included demographic questions, including age, gender, racial/ethnic identity, 
education level, and total household income. Transportation questions included the TTBPN scale 
(revised for the second survey) and the related measures outlined in Chapter 2 (Perceived 
Accessibility, Generalized Self Efficacy, Everyday Discrimination) that make up the basic 
psychological needs fulfillment measure (ALT-BPNF).  
Disability Types vs. Functional Limitations 
The United States Census questions on disability were used as the basis for disability 
questions in Survey 1, giving participants the option to select multiple disabilities including a) 
physical disability (e.g., difficulty walking, using arms or hands, limited stamina); b) sensory 
disability (e.g., blindness, Deafness, sensitivity to noise or light); c) mental health disability (e.g., 
depression, anxiety, schizophrenia, bipolar disorder); d) developmental disability (e.g., Autism, 
learning disability, ADHD); e) chronic condition (e.g., Multiple sclerosis, Crohn's disease). 
Follow-up questions for each type of disability asked about more specific disability types and the 
use of assistive devices. An additional question asked about the degree to which the person's 
disability impacted their ability to use transportation (never, sometimes, or all of the time). 





about functional limitations in the context of using transportation. "When you use transportation, 
do you think your disability makes it harder for you to do any of these things?: a) move around 
physically, b) understand information, c) see or hear information, d) be around people, e) deal with 
frustration, f) communicate with people." For both disability and functional limitation questions, 
an "other" response category was included, and responses highlighted some disability types that 
were not captured by the existing categories, including cognitive disabilities that were not due to a 
developmental disability, and communication disabilities. This led to further research into 
disability measurement and consideration for variations in the severity of disability, and revisions 
to the disability questionnaire in the second survey.  
Washington Group Extended Question Set on Functioning 
The second survey used an adapted measure based on the short set and extended set from 
the Washington Group on Disability Statistics. The extended set was intended for research 
questions where disability was a primary variable of interest; the short set of questions was 
meant to be used as a demographic measure. The two question sets overlap, with the majority of 
questions intended to measure the level of difficulty with six types of functioning including a) 
seeing, even if wearing glasses; b) hearing, even if using a hearing aid; c) walking or climbing 
steps; d) remembering or concentrating; e) self-care, including washing all over or dressing; and 
f) communicating, for example understanding or being understood. Responses are recorded on a 
4-point Likert scale, from "no difficulty" to "cannot do it at all." Additional follow-up questions 
related to different functional limitations, including the distance at which objects can be seen 
clearly, how far people can walk without assistance, use of mobility or hearing aids, and 
frequency with cognitive challenges. In addition, mental health questions ask about depression 





While the more granular details were not relevant to the study, the short set of questions 
failed to capture mental health disabilities that may have an impact on travel behaviors, so a 
hybrid set of questions combining the short set and extended set was asked of participants who 
responded that their daily activities were limited (see Appendix C. Disability Measures).  
Participants who responded that their daily activities were "not limited at all" were 
categorized as nondisabled and those who responded "limited, but not severely" or "severely 
limited" were categorized as disabled. A sum score of the extended set of disability questions 
that included the presence and severity of different disabilities was also calculated to provide a 
continuous-type variable for disability that reflects the variability and compounding effects of 
multiple disabilities. The hypothetical range of this score went from 0 (having no disabilities that 
impact daily activities) to 30 (being severely impacted by all ten types of disabilities). The 
disability types included six functional types (difficulty with seeing, hearing, walking, 
remembering or concentrating, self-care, and communicating), two mental health dimensions 
(anxiety and depression), and two under-recognized disability dimensions (fatigue and pain). In 
the second sample, the cumulative total of disability indicators among people with disabilities (n 
= 92) ranged from 1 to 20, with a median of 10, an average of 9.8, and a standard deviation of 
3.6, indicating a high number of participants with multiple disabilities.  
Well-Being 
Based on the self-determination framework, the brief 8-item Flourishing Scale (Diener et 
al., 2010) was included as an overall outcome measure of well-being. The scale items cover 
several areas of emotional functioning with items like, "My social relationships are supportive and 
rewarding," and "I am engaged and interested in my daily activities." All items are worded 





among 689 participants and factor analysis showed a single factor that was stable over time (ɑ = 
.87). Internal consistency was very good for the current sample (ɑ = .89). 
Procedure 
Both surveys were conducted using Qualtrics software (Qualtrics, Provo, UT). In order to 
accommodate people with disabilities who had difficulty completing an online survey, large-
print paper copies were mailed upon request or delivered in-person, and the survey was 
conducted by phone by request. Branching logic was used to present follow up questions to 
participants who reported one or more disabilities. Except for key outcome variables, certain 
questions were not required on both surveys in order to encourage greater completion rates. 
Analytic Approach 
The analyses for RQ1 and its subparts used data from the second survey. Baseline 
correlations were calculated to identify potential covariates on the outcome of well-being, 
including household income, age, gender, race/ethnicity, and the other variables of interest, 
including basic psychological needs fulfillment and transportation barriers. There were missing 
values for the household income variable in 16 out of 211 cases (7.58% of the sample), and those 
cases were omitted for the final analysis. The TTBPN and ALT-BPNF measures were not 
normally distributed and did not meet the assumptions of equal variances for a Student's t-test, so 
Welch's t-tests were calculated for subscale mean differences. For all linear models, I checked 
the assumptions of normality of regression residuals and homogeneity of variance, and the 
variance inflation factor to test for multicollinearity; I found two influential outliers which were 
also omitted from the models for a final sample size (n = 193). Alpha levels were adjusted for 
each hypothesis test to account for multiple comparisons, using the Bonferroni correction, 





used to account for family-wise error rate among the three hypotheses tested, using an alpha 
level of 0.017 (Perrett & Mundfrom, 2010). Predictor and mediator variables were centered 
before mediation and moderated mediation analyses.  
To answer the second research question about which disability types (or functional 
limitation types) are more likely to be associated with transportation challenges, data from both 
surveys were analyzed separately using the mean score for the transportation barriers scale as the 
outcome measure.  
Results 
To determine the relationships between transportation barriers, fulfillment of basic 
psychological needs in transportation, and well-being, and to test for potential covariates, I 
calculated baseline correlations to find the associations between disability status, income, age, 
gender, race/ethnicity (white or non-white), and the variables of interest, including transportation 
barriers, fulfillment of basic psychological needs, and flourishing (well-being) (see Table 18 for 
results).  
Table 18 
Baseline Correlations of Key Predictor and Outcome Variables from Survey 2 
 Flourishing Disabled TTBPN ALT-BPNF Income Age White 
Disabled −.187*       
TTBPN −.176* .329***      
ALT-BPNF .417*** −.365*** −.527***     
Income .337*** −.202** −.152 .230**    
Age .007 .301*** .129 −.108 −.191*   
White .01 −.168* −.128 .092 −.236** −.154*  
Gender −.07 −.055 .019 −.011 .047 −.061 −.103 
Computed correlation used pearson-method with listwise-deletion.  






Fulfillment of basic psychological needs in transportation (ALT-BPNF) was positively 
correlated with well-being (r = .417, p < .001), and the log of household income was also 
positively correlated with well-being (r = .337, p < .001). There was an inverse relationship 
between transportation barriers and well-being that was not significant at the adjusted alpha level 
(.01) (r = −.176, p > .01). Disability status was also correlated with both transportation barriers  
(r = .329, p < .001) and basic psychological needs fulfillment (r = −.365, p < .001), but had a 
weaker correlation with flourishing and was not significant (r = −.187, p > .01). Age, gender, and 
race/ethnicity were not associated with any of the outcome variables of interest. Income was 
included as a control in all models that included flourishing and basic psychological needs 
fulfillment as the outcome. There were significant mean differences across all of the TTBPN and 
ALT-BPNF subscale measures based on disability status (see Table 19 and 20 for descriptive 
statistics for each subscale).  
Table 19 
Means and Standard Deviations of TTBPN Subscales by Disability Status  
 Disabled  Nondisabled   
 M SD M SD  p-value 
Autonomy 2.69 1.16 1.92 0.87 < .001 
Relatedness 2.71 0.95 2.28 0.97 < .001 
Competence 2.66 1.03 1.99 0.91 < .001 
 p-value is for Welch's unequal variances t-test.   
 
Table 20 
Means and Standard Deviations of ALT-BPNF Subscales by Disability Status  
 Disabled  Nondisabled   
 M SD M SD  p-value 
Perceived Accessibility 3.29 0.96 3.91 0.81 < .001 
General Self-Efficacy 3.81 0.75 4.02 0.70 < .001 





 p-value is for Welch's unequal variances t-test.  
 
Transportation Barriers, Needs Fulfillment, and Well-Being 
To further explore the relationships between transportation barriers, fulfillment of basic 
psychological needs, and well-being, two regression models were fit, first with transportation 
barriers predicting well-being, while controlling for income, then including the fulfillment of 
basic psychological needs as a predictor (see Table 21 for results). Higher average scores on the 
transportation barriers scale were associated with lower well-being (b = −0.14, p = .002). 
However, when fulfillment of basic psychological needs (ALT-BPNF) was included in the 
model, there was no longer an effect of transportation barriers on the outcome of flourishing.  
This result shows support for hypothesis 1b that fulfillment of basic psychological needs 
in transportation mediates a relationship between transportation barriers and well-being. The 
outputs of the last two regression models in Table 21 served as inputs to the final mediation 
model via the mediate function in the mediation package (Tingley et al., 2014), which calculates 
estimates for the indirect effects (average causal mediation effects, [ACME]), direct effects 
(average direct effects [ADE]), and total effect of the independent variable on the outcome. The 
software also estimates the proportion of the effect mediated, or the average strength of 
association between the independent variable and the outcome due to changes in the mediator 
variable in relation to the average total effect (see Table 22 and Figure 5 for results). The 
bootstrapped unstandardized indirect effect of transportation barriers on well-being through 
fulfillment of needs for the study sample was (−.42) * (.3) = −.13, p < .001 and there was no 





97% of the effect of transportation barriers on well-being was mediated through the fulfillment 
of basic psychological needs in transportation. 
 
Table 21 
Regression Results for Mediation Analysis 
Path c, transportation barriers (TTBPN) (X) predicting flourishing (Y), while controlling for 
household income (W1) 
 b b 95% CI SE Beta  p 
Intercept 2.45 1.56, 3.33 .45 −.01 <0.001 
TTBPN −0.14 −0.22, −0.05 .04 −.21 0.002 
Income 0.18 0.11, 0.26 .04 .35 <0.001 
Model fit: Adj. R2 = .15, F(2, 190) = 18.55, p < .001 
 
Path a, transportation barriers (TTBPN) (X) to fulfillment of basic psychological needs (ALT-
BPNF) (M) 
 b b 95% CI SE Beta  p 
Intercept 3.69 2.73, 4.65 .49 −.01 < .001 
TTBPN −0.42 −0.51, −0.32 .05 −.52 < .001 
Income 0.11 0.03, 0.20 .04 .16 .007 
Model fit: Adj. R2 = .33, F(2, 190) = 46.5, p < .001 
   
Path b, ALT-BPNF (M) predicting flourishing (Y), while controlling for TTBPN (X) and 
household income (W1) 
 b b 95% CI SE Beta  p 
Intercept 1.33 0.38, 2.29 .49 −.01 .007 
TTBPN −0.01 −0.11, 0.09 .05 −.02 .821 
Income 0.15 0.07, 0.22 .04 .29 < .001 
ALT-BPNF 0.3 0.18, 0.43 .06 .37 < .001 
Model fit: Adj. R2 = .25, F(3, 189) = 21.35, p < .001   
b represents unstandardized regression weights and CI indicates confidence intervals. SE 
indicates the standard error. Beta indicates the standardized regression weights. Adjusted   







Mediation Model of Transportation Barriers on the Outcome of Flourishing via the Fulfillment 
of Basic Psychological Needs 
 Estimate 95% CI LL 95% CI UL  p 
ACME −0.133 −0.216 −.07 < .001 
ADE −0.005 −0.103 0.1 .966 
Total Effect −0.138 −0.231 −0.04  .006   
Prop. Mediated 0.966 0.459 2.77  .006  
Adjusted alpha level = .01. 
     
 
Figure 5 
Mediation analysis of TTBPN on Well-Being through ALT-BPNF. Estimates are unstandardized 






Impact of Disability Status 
 Regressions were fit to see the influence of disability status on the three variables of 
interest, transportation barriers, fulfillment of basic psychological needs, and flourishing, while 
controlling for income in each equation (see Table 23 for results). Being disabled significantly 
predicted higher average values on the transportation barriers scale, but income was not a 
significant predictor in the model. Disability status also significantly predicted lower scores on 
the ALT-BPNF measure. The only measure that was not predicted by disability status after 
controlling for income was flourishing. 
Table 23 
Regression Models with Disability Status as the Predictor of TTBPN, ALT-BPNF, and 
Flourishing 
Disability effect on TTBPN   
 b b 95% CI SE Beta  p 
(Intercept) 2.814 1.47, 4.16 .68 0 < .001 
Disabled 0.570 0.33, 0.81 .12 .33 < .001 
Income −0.069 −0.19, 0.05 .06 −.08 .265 
 
Model Fit: Adj. R2 = 0.11, F(2, 192) = 13.39, p < .001  
      
Disability effect on ALT-BPNF   
(Intercept 2.86 1.83, 3.88 .52 0 < .001 
Disabled −0.48 −0.66, −0.29 .09 −.35 < .001 
Income 0.12 0.03, 0.21 .05 .17 .011 
 
Model Fit: Adj. R = 0.16, F(2, 192) = 19.95, p < .001 
  
Disability effect on Flourishing  
(Intercept) 2.04 1.12, 2.96 .47 0 < .001 
Disabled −0.15 -0.32, 0.01 .08 −.13 .065 
Income 0.2 0.11, 0.28 .04 .32 < .001 
  





b represents unstandardized regression weights and CI indicates confidence intervals. SE 
indicates the standard error. Beta indicates the standardized regression weights. Adjusted   
alpha level = .025. 
 
In order to calculate the degree to which the mediated relationship is influenced by 
having a disability I used a moderated mediation analysis, conducting two regression models and 
fitting the model with the mediate package in R (see Table 24 for regression results). The first 
linear regression model was fit with basic psychological needs fulfillment being predicted by 
transportation barriers, disability status, and the interaction between the two, while controlling 
for household income. The model was significant as were the relationships between 
transportation barriers and basic psychological needs fulfillment, and between income and basic 
psychological needs fulfillment. Disability status was also associated with lower fulfillment of 
basic psychological needs after controlling for the interaction between transportation barriers and 
disability status. The second linear regression model was fit with the main outcome variable, 
flourishing, predicted by transportation barriers, basic psychological needs satisfaction, disability 
status and its interaction with both predictors, controlling for household income . The second 
model predicted 26% of the variation in well-being (Adj. R2 = .259, F(6, 186) = 12.23, p < .001), 
but only the relationship between flourishing and income was significant at the adjusted alpha 
level (b = 0.14, p < .001). The interactions between disability status and TTBPN (b = 0.24, p = 
.018), and disability status and ALT-BPNF (b = 0.31, p = .018), on the outcome of flourishing 
were not quite significant at the adjusted alpha-level of .008.  
The moderated mediation model was fit using the previous two regression models (Table 
22) to estimate the indirect effect (average causal mediated effect [ACME]), average direct effect 






Moderated Mediation Analysis of TTBPN and Well-Being via ALT-BPNF, Moderated by 
Disability Status (n = 193) 
Path a, transportation barriers (TTBPN) (X) to fulfillment of basic psychological needs (ALT-
BPNF) (M), while controlling for income (W1) and disability status (W2)  
 b b 95% CI SE Beta  p 
(Intercept) −0.97  −1.88, −0.07  .46 0.05 .035 
TTBPN −0.23  −0.38, −0.09  .07 -0.43 .002 
Disabled −0.25  −0.42, −0.08  .09 -0.18 .004 
Income 0.1  0.02, 0.19  .04 0.14 .013 
TTBPN:Disabled −0.24  −0.44, −0.05  .1 -0.15 .015 
Model Fit: Adj. R2 = .365, F(4, 188) = 28.62, p < .001 
Adjusted alpha level = .0125 
 
Path b, ALT-BPNF (M) predicting flourishing (Y), while controlling for TTBPN (X), income 
(W1), and disability status (W2) 
 b b 95% CI SE Beta p 
(Intercept) 2.55  1.73, 3.36  .41 −.01 < .001 
TTBPN −0.11  −0.24, 0.03  .07 0 .12 
Disabled −0.02  −0.17, 0.14  .08 .01 .831 
Income 0.14  0.07, 0.22  .04 .28 < .001 
TTBPN:Disabled 0.24  0.04, 0.44  .1 .19 .018 
ALT-BPNF 0.18  0.01, 0.35  .09 .4 .037 
ALT-BPNF:Disabled 0.31  0.05, 0.56  .13 .17 .018 
Model Fit: Adj. R2 = .26, F(6, 186) = 12.23, p < .01 
 
b represents unstandardized regression weights and CI indicates confidence intervals. SE 
indicates the standard error. Beta indicates the standardized regression weights. Adjusted alpha 
level = .008. 
 
nondisabled participants. As with the previous analysis, without disability status there was no 
direct effect of transportation barriers on flourishing because the relationship was mediated 
through fulfillment of basic psychological needs (see Table 25 and Figure 6 for estimates). This 






Mediation Analysis of Transportation Barriers via Basic Psychological Needs Fulfillment on 
Flourishing 
Mediation analysis for entire sample (n = 193) 
 b 95% CI LL 95% CI UL p 
ACME −0.14053 −0.21557 −0.08 < .001 
ADE 0.00781 −0.09278 0.12 .808 
Total Effect −0.13271 −0.23694 −0.03 .012 
Prop. Mediated 1.05888 0.52299 3.89 .012 
 
Mediation analysis for disabled participants (n = 89) 
 b 95% CI LL 95% CI UL p 
ACME −0.25 −0.400 −0.13 < .001 
ADE 0.153 −0.001 0.31 .056 
Total Effect −0.097 −0.258 0.05 .196 
Prop. Mediated 2.584 1.286 197.89 .196 
 
Mediation analysis for nondisabled participants (n = 106) 
 b 95% CI LL 95% CI UL   p 
ACME −0.05 −0.109 0.00 0.022 
ADE −0.11 −0.222 0.03 0.13 
Total Effect −0.16 −0.272 −0.02 0.026 
Prop. Mediated 0.30 0.007 1.72 0.048 
b represents unstandardized regression weights and CI indicates confidence intervals. SE 
indicates the standard error. Adjusted alpha level = .008. 
 
The effect of transportation barriers on well-being was fully mediated via fulfillment of 
basic psychological needs in transportation. As Figure 6 illustrates, the regression coefficients 
between transportation barriers and fulfillment of basic psychological needs in transportation and 
between fulfillment of needs and well-being were significant. The significance of this indirect 
effect was tested using bootstrapping procedures to compute unstandardized indirect effects for 







Moderated Mediation Analysis of TTBPN on Well-Being through ALT-BPNF Moderated by 
Disability Status. *p < .05, ** p < .01, *** p < .001. Adjusted alpha level = 0.008. 
 
the indirect effects at the 2.5th and 97.5th percentiles. The average indirect effect of 
transportation barriers on well-being as mediated through fulfillment of basic psychological 
needs for participants with disabilities was ((−.25) + (−.23)) * (.31+.18) = −.25 on average, with 
the estimated 95% confidence interval ranging from −.40 to −.13. Because the flourishing scale 
is measured on a 5-point scale, that means that, on average, disabled participants experienced 
greater transportation barriers, which were associated with a lower assessment of fulfillment of 





flourishing scale than nondisabled participants. The mediated effect for nondisabled participants 
was not significant at the adjusted alpha level, and the confidence intervals contained zero, 
meaning that there was no detectable mediated effect of transportation barriers on well-being 
through basic psychological needs fulfillment.  
Relative Importance of Different Psychological Needs 
In order to explore which factors contributed most to the variation in well-being for the 
second research question, I conducted two multiple regression analyses with the three subscales 
on the TTBPN and ALT-BPNF scales on the outcome of flourishing, while controlling for 
disability status and income (see Table 26 for results). Variance inflation was tested to check for 
multicollinearity and all values were well below thresholds that might cause concern (VIF values 
were < 2.16). Relatedness was the only subscale to have a direct relationship with well-being but 
was not quite significant at the adjusted alpha level of .01 (b = −.14, p = .019). The needs 
fulfillment measures also had mixed results, with self-efficacy (GSE) being the only scale to 
significantly predict well-being (b = 0.28, p < .001). As with the previous analysis, the 
associations between needs fulfillment and well-being were stronger than the associations 
between transportation barriers and well-being. 
Table 26 
Regression Results for TTBPN and ALT-BPNF Subscales and Well-Being (n = 193) 
Multiple regression of TTBPN subscales (autonomy, relatedness, competence) on the outcome of 
flourishing, controlling for household income and disability status.  
 b 95% CI SE Beta p 
(Intercept) 2.14 1.18, 3.11 .49 0 < .001 
AUT-T 0.05 −0.05, 0.15 .05 0.08 .369 
REL-T −0.14 −0.26, -0.02 .06 −.23 .019 
COM-T 0.01 −0.10, 0.13 .06 .02 .841 





Disabled −0.14 −0.31, 0.03 .09 −.12 .113 
Model fit: Adj. R2 = .14, F(5, 189) = 7.39, p < .001 
 
Multiple regression of TTBPN subscales (autonomy, relatedness, competence) on the outcome of 
flourishing, controlling for household income and disability status.  
 b 95% CI SE Beta p 
(Intercept) 1.14 0.23, 2.04 .46 0 .014 
PAC 0.09 0.00, 0.18 .05 .14 .05 
GSE 0.28 0.16, 0.40 .06 .32 < .001 
ED 0.02 −0.05, 0.10 .04 .04 .541 
Income 0.13 0.06, 0.21 .04 .22 .001 
Disabled −0.07 −0.23, 0.10 .08 −.06 .414 
Model fit: Adj. R2 = .29, F(5, 189) = 15.26, p < .001 
 
b represents unstandardized regression weights and CI indicates confidence intervals. SE 
indicates the standard error. Beta indicates the standardized regression weights. Adjusted   
 p-value = .01. 
 
There is some disagreement in the literature about whether a significant direct effect is a 
necessary prerequisite to test the mediating effect of a third variable (Hayes, 2009). Pearl et al. 
(2016) argue that modern methods of mediation analysis with observational data can identify 
indirect effects without the need to identify indirect or total effects. Because the fulfillment of 
needs measure (ALT-BPNF) mediated the relationship between the overall TTBPN measure on 
the outcome of well-being, there is reason to believe the subscales interact in similar ways even 
though there was no evidence of an effect of all three transportation barriers subscales on the 
outcome of well-being, nor of an effect of all three needs fulfillment scales on the outcome of 
well-being. In order to see the relationships between transportation barriers and fulfillment of 
needs the prior moderated mediation model was fit for each of the subscale mean values 
(autonomy, relatedness, and competence subscales for the thwarting and needs fulfillment 






Moderated Mediation Analysis of TTBPN Subscales on Flourishing via ALT-BPNF Subscales 
Autonomy thwarting (AUT-T) subscale via perceived accessibility (PAC) 
 b 95% CI Lower 95% CI Upper  p 
ACME −0.11 −0.17 −0.05 < .001 
ADE 0.02 −0.06 0.15 .35 
Total Effect −0.09 −0.16 0.04 .25 
Prop. Mediated 1.24 21.35 91067.45 .25 
     
Relatedness thwarting (REL-T) subscale via everyday discrimination (ED) 
 b 95% CI Lower 95% CI Upper  p 
ACME −0.01 −0.04 0.02 .588 
ADE −0.11 −0.21 −0.03 .009 
Total Effect −0.12 −0.21 −0.04 .004 
Prop. Mediated 0.08 −0.21 0.42 .59 
     
Competence thwarting (COM-T) subscale via self-efficacy (GSE) 
 b 95% CI Lower 95% CI Upper  p 
ACME −0.06 −0.12 −0.02 .002 
ADE −0.02 −0.10 0.06 .564 
Total Effect −0.08 −0.16 0.01 .086 
Prop. Mediated 0.72 0.61 166.27 .084 
b represents unstandardized regression weights and CI indicates confidence intervals. Adjusted 
alpha level = .008. 
 
 Autonomy measures followed the same pattern as the previous moderated mediation 
analysis with the overall scale means, and there was a significant indirect effect of autonomy 
thwarting on the outcome of well-being after controlling for income and disability status (b = 
−.11, CI[−0.17, −0.05], p < .001). Competence measures also followed the same pattern with a 
smaller indirect effect (b = −.06, CI[−0.12, −0.02], p = .002). Neither autonomy nor competence 
measures had significant direct effects on the outcome of flourishing. Relatedness measures did 





thwarting on the outcome of flourishing after accounting for all other variables in the model, 
with significance slightly above the adjusted alpha level of .008 (b = −.11, p = .009). This was 
consistent with prior findings that there was slight measurement invariance on both relatedness 
measures when comparing between disabled and nondisabled participants. The indirect effect of 
transportation barriers on well-being through fulfillment of basic psychological needs was largest 
for autonomy, and there was a smaller indirect effect for competence, but relatedness had a 
stronger direct effect on well-being than the indirect effect of competence.  
Disability Types Associated with Transportation Barriers 
Exploratory analysis was used to answer the third research question, about which types of 
disabilities were more likely to be associated with transportation barriers. The measures of 
disability changed between surveys, as detailed in the methods section and in Appendix C. 
Disability Measures. Scale means were calculated for each survey's transportation barriers 
measure and the surveys were analyzed separately. Disability types were coded as binary 
variables, meaning that participants with one type of disability were compared to all other 
participants without that type of disability (see Table 28 for estimates).  
Table 28 
Survey 1 Transportation Barriers by Disability Type (n = 297) 
 b b 95% CI SE Beta r VIF 
(Intercept) 1.78*** 1.68, 1.87 .05 0   
Physical 0.58*** 0.42, 0.74 .08 .39 .46*** 1.18 
B/LV 0.43** 0.11, 0.75 .16 .13 0.11 1.02 
D/HOH 0.47** 0.09, 0.84 .19 .12 .17** 1.03 
Developmental 0.31 0.07, 0.56 .12 .14 .19*** 1.20 
Chronic 
Condition 
0.19 -0.00, 0.38 .10 .11 
.27*** 
1.19 
Mental Health 0.05 -0.12, 0.21 .08 .03 .14* 1.21 





A significant b-weight indicates the beta-weight is also significant. b represents 
unstandardized regression weights and CI indicates confidence intervals. SE indicates 
the standard error. Beta indicates the standardized regression weights.  r represents 
the zero-order correlation. VIF indicates variance inflation factor. *p < .05. **p < 
.01, ***p < .001. Adjusted alpha level = .008. 
 
 
Results from the first survey showed an overall pattern of difficulty with transportation 
for people with different types of disabilities, especially for people with physical disabilities. 
While blindness and low vision are disability types normally associated with transportation 
challenges, the sample included a very small sample of blind participants (n = 10), which 
reduced the statistical power for this analysis. Other disability types were not significantly 
associated with transportation barriers when including each disability type in the model.  
To evaluate functional limitations vs. disability types, participants with disabilities were 
asked a follow-up question about how their disability impacts their functional abilities in the 
context of transportation. Binary variables for each functional limitation type were regressed on 
average scores on the transportation barriers scale for only the disabled participants (n = 179) 
(see Table 29 for estimates). Moving physically and seeing or hearing information had the 
strongest associations with transportation barriers and were both significant at the adjusted alpha 
level.  
Table 29 
Survey 1 Transportation Barriers by Functional Limitation Type Among Disabled Participants 
(n = 179) 
 b b 95% CI SE Beta r VIF 
(Intercept) 1.83*** 1.68, 1.98 .08 0   
Move Physically 0.51*** 0.34, 0.68 .09 .38 .44*** 1.03 
Understand Info 0.19 -0.07, 0.45 .13 .11 .30*** 1.37 
See/Hear Info 0.31** 0.09, 0.53 .11 .20 .32** 1.26 





Deal with Frustration 0.17 -0.06, 0.39 .11 .12 .18* 1.70 
Communicate 0.05 -0.18, 0.27 .11 .03 .18* 1.40 
Model Fit: R2   = .293**, 95% CI[.16, .37]  
A significant b-weight indicates the beta-weight is also significant. b represents 
unstandardized regression weights and CI indicates confidence intervals. SE indicates 
the standard error. Beta indicates the standardized regression weights.  r represents 
the zero-order correlation. VIF indicates variance inflation factor. *p < .05. **p < 
.01, ***p < .001. Adjusted alpha level = .008. 
 
  
 For the second survey, the Washington Group measure was used as a measure of 10 types 
of disabilities. To increase statistical power, two regressions were conducted. The first was for 
disability types that are recognized by the Census (seeing, hearing, walking, cognitive, and self-
care) and the second regression analyzed other disability types that are not measured by the 
Census nor often analyzed in relation to transportation (depression, anxiety, communication, 
pain, fatigue). Because many of the disabled participants indicated that they had multiple 
disabilities, I calculated a binary variable indicating having a disability from the first category to 
use as a control variable for analyzing the non-conventional disability types in a multiple 
regression (see Table 30 and 31 for estimates). Self-care disabilities were associated with 
transportation barriers at the adjusted alpha level (b = .56, CI[0.17, 0.95], p < .001). Difficulty 
walking and seeing also had moderate associations with transportation barriers that were only 
significant at the 95% alpha level, but had significant zero-order correlations, meaning there was 
a significant relationship of each disability type and transportation barriers without controlling 
for the other disability types (walking, r = .42, p < .01; seeing r = .33, p < .01) . For the 
secondary analysis, severe fatigue (b = 0.45, CI[0.07, 0.83], p < .05; zero point correlation r = 





correlation r = .27, p < .01) had the strongest associations with transportation barriers after 
controlling for the types of disabilities measured by the Census.  
Table 30  
Survey 2 Transportation Barriers Predicted by Disability Types Measured by the Census  
(n = 193) 
 b b 95% CI SE Beta r VIF 
(Intercept) 1.92*** 1.81, 2.04 .06 0   
Seeing 0.27 −0.01, 0.55 .14 .13 .33*** 1.37 
Hearing 0.27 −0.13, 0.66 .20 .08 .24*** 1.16 
Walking 0.54*** 0.22, 0.85 .16 .26 .46*** 1.83 
Cognitive 0.19 −0.07, 0.46 .13 .09 .26*** 1.18 
Self−care 0.54*** 0.18, 0.90 .18 .21 .39*** 1.53 
Model Fit: R2   = .25, F(5, 205) = 13.76, p < .001  
A significant b-weight indicates the beta-weight is also significant. b represents 
unstandardized regression weights and CI indicates confidence intervals. SE indicates 
the standard error. Beta indicates the standardized regression weights.  r represents the 
zero-order correlation. VIF indicates variance inflation factor. *p < .05. **p < .01, 




Survey 2 Transportation Barriers Predicted by Disability Type, Controlling for Disability Types 
Measured by the Census (n = 193) 
 b b 95% CI SE Beta r VIF 
(Intercept) 1.91 1.77, 2.05 .07 0   
*Control  0.34 -0.15, 0.83 .25 .20 .42*** 1.62 
Communication 0.49 0.05, 0.92 .22 .15 .274*** 1.20 
Depression -0.03 -0.49, 0.44 .24 −.02 .36*** 1.49 
Anxiety 0.00 -0.61, 0.62 .31 0 .40*** 1.27 
Pain 0.07 -0.32, 0.47 .20 .04 .37*** 1.36 
Fatigue 0.34 -0.22, 0.89 .28 .19 .42*** 1.79 
Model Fit: Adj. R2 = .19, F(6, 204) = 8.15, p < .001  
A significant b-weight indicates the beta-weight is also significant. b represents 
unstandardized regression weights and CI indicates confidence intervals. SE indicates 






zero-order correlation. VIF indicates variance inflation factor. *p < .05. **p < .01, 
***p < .001. Adjusted alpha level = .008. 
 
Discussion 
Basic psychological needs fulfillment mediated a relationship between transportation 
barriers and well-being for participants with disabilities. This pathway might be explained by the 
organismic integration mini-theory of self-determination theory (Ryan & Deci, 2017) which posits 
that external factors are internalized through psychological processes and integrated into social 
behaviors. People with disabilities were expected to frequently encounter social and environmental 
barriers in transportation and to have lower fulfillment of basic psychological needs in a 
transportation setting as a result, which was shown to be the case. When conditioning the indirect 
effects of transportation barriers on well-being through the fulfillment of basic psychological needs 
on disability status, the magnitude of the indirect negative effect was more than five times greater 
for disabled participants. The indirect effect was not significant for nondisabled participants. This 
may indicate that transportation barriers did not indirectly affect well-being through the channel of 
basic psychological needs fulfillment for nondisabled participants, most likely because they had 
significantly lower ratings of difficulty with transportation barriers scale than disabled participants, 
but also because they had greater fulfillment of needs across the three factors. 
Given that the measure of barriers in transportation was based on factors documented to 
negatively impact people with disabilities, the results are not entirely surprising. However, 
disabled participants also reported lower scores as compared to nondisabled participants on 
existing fulfillment measures of autonomy, relatedness, and competence that were adapted to a 
transportation context. These results point to the disparities in transportation challenges measured 





were also group differences in fulfillment of psychological needs in transportation as assessed by 
the extent to which transportation satisfies overall feelings of autonomy, relatedness, and 
competence measured by more general scales adapted to the context of transportation. There were 
group mean differences in well-being based on disability status, but this relationship was no longer 
significant after controlling for income, meaning that group differences in the transportation 
measures were much more heightened than group differences in well-being. When analyzing 
disability status and income in addition to the TTPBN and ALT-BPNF measures as a whole and by 
subscale, the combination of disparities on both measures contributed to average overall lower 
well-being for disabled participants.  
Final model effect sizes of the current study (R2 = .26) were small compared to the 
limited literature that applies self-determination theory to transportation and well-being using a 
similar mediated model (R2 = .47), which did not adapt psychological measures to transportation 
(Vella-Brodrick & Stanley, 2013). Their findings showed that the relative importance of the 
main predictor, transport mobility, was overshadowed by strong correlations between the 
mediating and outcome variables, which were both general psychological and subjective well-
being measures. The measures for the mediating variables in this study are more precise because 
they were adapted to the context of transportation. In general, guidance about conventional 
benchmarks of effect sizes in psychology are not in line with findings (Schäfer & Schwarz, 
2019). Benchmarks for small (R2 ≥ .14), medium (R2 ≥ .39), and large (R2 ≥ .59) effect sizes 
(Cohen, 1988) can also be hard to apply to indirect effects, which are typically smaller because 
of the multiplicative interaction of two percentages (Fairchild et al., 2009). More recent guidance 






When analyzing the three basic psychological needs separately, there were no direct effects 
of autonomy or competence on the outcome of well-being, but relatedness thwarting in 
transportation had a strong association with well-being, indicating that relatedness to others in a 
transportation setting has a direct effect on well-being that was not mediated through the self-
assessment of relatedness fulfillment in transportation. The Everyday Discrimination scale may not 
be a good measure of relatedness fulfillment in the context of transportation, and it was the only 
scale that had partial scalar invariance between disabled and nondisabled participants. It is also 
possible that the types of problems associated with relatedness in transportation (e.g., feeling 
respected by transit staff, or feeling like I'm part of a community when I'm traveling) may be more 
closely aligned with items on the flourishing measure than the factors that thwart autonomy or 
competence.  
There were indirect effects of autonomy and competence thwarting on the outcome of well-
being via the mediating variables of perceived accessibility and generalized self-efficacy, 
respectively. This was in line with the moderated mediation model that analyzed the needs 
thwarting and needs fulfillment measures as a whole after controlling for disability status and 
household income. The relative indirect effect of autonomy thwarting via perceived accessibility 
on the outcome of well-being was roughly double the effect size of competence measures, but the 
direct effect of the mediating variable of self-efficacy on the outcome of well-being was the only 
significant effect on the path between the mediator and outcome variable. This might indicate that 
autonomy fulfillment is especially important within this framework for people with disabilities, 
particularly because the magnitude of the relationship between the psychological needs fulfillment 





Physical disabilities, self-care disabilities, and blindness/low-vision were all significantly 
associated with transportation barriers. The types of disabilities measured by the Census all 
showed zero-point correlations that were significant at the adjusted .01 alpha level. That means 
that on their own, and not controlling for any other types of disabilities, each was associated with 
transportation barriers to some degree, with walking and self-care disabilities having the 
strongest correlations (r = .42 and r = .40 respectively). Of the other disability types, 
communication disabilities and severe fatigue were associated with transportation barriers at an 
unadjusted .05 alpha level and had zero-point correlations that were significant at the adjusted 
.01 alpha level (r = .27 and r = .32 respectively). Communication disabilities have been 
addressed to some extent in the literature, but fatigue has not. More research and larger samples 
are needed to determine the variable effects of transportation barriers on people with different 
disabilities.  
Limitations 
There may be other endogenous and exogenous variables that have an impact on the 
outcome of well-being, and more complex models may explain more of the observed variability 
in well-being. Analysis of different disability types was challenging because the categories were 
not mutually exclusive. A larger sample size might reveal transportation barriers’ interaction 
effects among different disability types or between disability status and racial minority status. 
Household income had a strong effect on flourishing, and a different measure of socio-economic 
status may help to balance the extremes.  Some of the items on the TTBPN scale may not be 
relevant to nondisabled participants, or to people living in suburban or rural locations, and "not-
applicable" missing data for the barriers scale can also limit the statistical power and increase the 





experiencing (or not experiencing) transportation barriers determining basic psychological needs 
fulfillment, it is not possible to make causal claims without longitudinal data and manipulation of 
some part of the environment that changes the score on the transportation barriers scale.  
Future Directions 
The systematic study of factors in transportation that thwart basic psychological needs 
highlights the impact of transportation barriers on well-being via lower fulfillment of basic 
psychological needs in transportation. Analysis of the types of disabilities associated with 
transportation barriers showed that a broader classification of disability beyond physical and 
visual disabilities in future transportation research is warranted. The Washington Group short set 
of questions offers a brief measure of disability types that can be easily incorporated into 
demographic questionnaires and offers the flexibility of exploring categories of disability or 
severity of disability in future research.  
Measurement of three dimensions of transportation satisfaction included in the ALT-
BPNF scale, including perceived accessibility of transportation, self-efficacy, and everyday 
discrimination, extends the theoretical understanding of a positive relationship between 
transportation and well-being beyond the utility of travel. The TTBPN scale can be improved by 
incorporating more items with universal applicability and developing a method for imputing data 
that is missing based on geographic location, disability status, or other indicators that can explain 
why some items may not apply to certain participants.  
Changes in the transportation environment should be accompanied by longitudinal 
research that measures both the effects of barriers and changes to feelings of fulfillment of basic 
psychological needs. Transit agencies should especially be interested in how material changes to 





communication, or personnel changes affect both the assessment of barriers and needs 
fulfillment as an opportunity for understanding the causal directions of transportation barriers 
and basic psychological needs fulfillment. 
Conclusion  
 Participants with disabilities experienced greater difficulty with transportation which was 
mediated through lower fulfillment of basic psychological needs to predict lower well-being than 
nondisabled participants. Disability types associated with transportation issues are likely to be 
broader than what is reflected in the literature and greater effort should be made to incorporate a 
standard measure of disability like the Washington Group short set of disability questions in 





Chapter 4: Measuring the Impact of Travel Constraints on Mood with a Digital Travel 
Diary Method 
Several studies have shown that hedonic (short-term) well-being (Ettema et al., 2017; 
Morris & Guerra, 2015) and eudaimonic (long-term) well-being are associated with daily travel 
(Friman et al., 2017). Most studies focus on hedonic well-being, but some researchers believe it 
is important to study both types of well-being together to understand the direction and/or 
reciprocality of the relationship (Singleton & Clifton, 2019). Responding to methodological gaps 
in measuring hedonic and eudaimonic well-being in relation to transportation (De Vos et al., 
2013), this study uses travel diaries to assess mood associated with daily trips and examines how 
impediments to travel impact mood. Mood is compared to long-term measures of eudaimonic 
well-being or flourishing (Diener et al., 2010) while considering obstacles and delays during 
travel.   
Background and Literature Review 
Diary studies in psychology are aimed at understanding temporal changes in topic- or 
domain-specific thoughts, feelings, and behaviors, and may be combined with an intervention to 
understand changes over time (R. E. Wickham & Knee, 2013). However, there are few examples 
of travel diary studies in the social sciences that record travel behaviors and the experiences 
associated with trips (Aicart et al., 2016). This study aims to analyze qualitative and quantitative 
measures of obstacles and delays encountered and mood as a result of individual trips, 
understand how these factors relate to long-term well-being, and determine whether there are 
group differences in this relationship among disabled and nondisabled participants. 
Travel diaries are of particular interest to planners and urban designers for predicting how 





significant part of travel behaviors is repetitive and connected to destinations including work, 
school, community, and social activities, or to fulfilling physiological needs like buying food or 
visiting healthcare providers. In transportation planning, which represents the bulk of this type of 
research, travel diaries are aimed solely at recording travel behaviors, but from a social science 
perspective behaviors can only tell us so much. There is a lack of qualitative data in travel diary 
studies that may offer insights into the psychological impacts of travel. Mixed methods are 
needed to understand both travel behaviors and experiences, and to see how the two interact and 
influence motivation and well-being.  
As scholars' interest in the links between daily travel and well-being has grown in the 
past decade, travel diaries methods have begun to extend to mood and well-being (Friman et al., 
2018). Some social scientists are trying to determine the best digital travel diary methods to 
accurately capture trip-based moods and compare them to long-term well-being measures using 
smartphones and online survey methods (Raveau et al., 2016). Given the known transportation 
challenges of people with disabilities, several studies also make use of these methods (Neven et 
al., 2018; Zeitler et al., 2012) as a new way to research mobility issues that are specific to people 
with disabilities. Changes in technology, especially the widespread use of smartphones, have 
allowed for advances in digital travel diary methods to collect objective travel data that does not 
rely solely on self-reported behaviors (Cottrill et al., 2013).  However, these new research 
methods come with their share of technical challenges, including imperfect inference of travel 
modes, distances, and times, as well as participant attrition. The following section highlights 
findings from travel diary studies related to well-being and disability, along with the 





Travel Diaries and Well-Being 
Most travel diary studies are concerned with travel behaviors for planning and predictive 
purposes, but very few collect qualitative information about the quality of trips or their impact on 
short-term well-being. Transportation environments include the built environment and 
architectural barriers that prevent access, information for using transportation systems, service 
schedules, transit employees, other passengers, and variation in conditions based on weather or 
the time of day. Travel diaries have historically been based in several theoretical frameworks, 
including urban migration, time-geography (Hägerstraand, 1970), accessibility (the ability to get 
to places or potential for travel), activity behavior, and field theory (Lewin, 1951), which is 
concerned with life spaces within the home, in the community, and beyond (Buliung & 
Kanaroglou, 2006). For many years, diary studies were primarily based on a utilitarian 
understanding of transportation and sought to understand three-dimensional behaviors, linking 
home locations to purposes at different destinations in order to record retrospective and self-
reported travel behaviors. However, in the context of transportation, well-being is not strictly 
divorced from the utility or usefulness of travel. In fact, Kahneman (2003) theorized that an 
"objective" measure of happiness could be developed based on "remembered utility" and the 
"moment-utility" of experiences, aiming to distinguish between retrospective evaluation and real-
time measurements of the experienced utility of activities. In other words, evaluation of trips 
may change relative to the time when the evaluation happens: before, during, or after trips. Ben-
Akiva and Abou-Zeid (2012) proposed that travel well-being and trip utility are indistinguishable 
concepts, given that "well-being is the ultimate goal of activity patterns which are driven by 
needs" (p. 1)  They draw on several instruments to measure activity and happiness, including 





2004). Noting findings that happiness varies based on type of activity and by socio-economic 
group, they proposed a measurement model in which trip factors and socio-economic variables 
contribute to travel satisfaction. They hypothesized that travel happiness variables, which are 
also informed by socioeconomic factors and trip satisfaction, would share influence on the 
propensity for travel and weekly trip frequency.   
In response to Ben-Akiva and Abou-Zeid's model, Carrion et al. (2015) used data from 
the Denver 2010 Regional Council of Governments (DRCOG) Travel Survey of 12,385 
households (n = 29,388) to test whether including a measure of participants' overall happiness 
with travel patterns from from the previous day improved the efficiency of their existing activity-
based model. Retrospective happiness and well-being measures included satisfaction with the 
previous day's travel, destinations, and activities, as well as whether the trips went according to 
plan or deviated. Through interviews about the reasons for deviation from plans, which could be 
seen in a positive or negative light, they determined how expectations affected satisfaction. The 
addition of happiness measures to the activity models improved previous models, eliminating 
some of the error variance and providing evidence for the influence of happiness and satisfaction 
with travel on realized travel behaviors.  
Raveau et al. (2016) aimed to address the reliance on retrospective well-being 
measurement in the transportation literature and analyzed retrospective happiness data from 
1,500 participants of the 2013 Singapore Land Transport Authority's Household Interview Travel 
Survey (HITS). Participants also tested a smartphone-based travel system called Future Mobility 
Sensing (FMS). The FMS system collected GPS trip data and real-time happiness surveys. Not 
only was the FMS data more accurate and complete than the HITS data, but it also showed that 





measures, the authors found that happiness levels were lower for trips associated with productive 
purposes, such as work and education, and highest for leisure and social trips. They also found 
that in-the-moment extremes tended to be stable in retrospective measures, meaning that trips 
that resulted in "very happy" or "very unhappy" emotions did not change, but more neutral 
emotions became even more neutral when measured retrospectively. While these studies provide 
insights into modeling the connections between well-being and transport mobility, and use 
technology to fill a hole in experience sampling methods, they fail to acknowledge disability or 
to measure irregular travel behaviors that have been documented among older people, which are 
often a result of disability and resource constraints (Enam et al., 2018).  
Travel Diaries and Disability 
The relatively few travel diary studies related to disability are aimed at understanding 
mobility behaviors for older people. Hirsch et al. (2014) use the concept of "activity-spaces," or 
life space outside the home, and GPS to measure mobility habits of 95 older adults. They found 
that people who were younger, who resided in pedestrian-unfriendly neighborhoods, and had 
access to a car and driver's license (or someone to assist them with driving) had a larger physical 
range of mobility. These measures were impacted by neighborhood density and the participants' 
socio-economic status and financial resources.  
There is some evidence that people with disabilities may have some difficulty with 
completing digital travel diaries, depending on the type and severity of their disabilities. Neven 
et al. (2018) compared GPS location information collected by a device with a self-reported diary 
measure among 108 people with Multiple Sclerosis. Participants were expected to complete 7 
days of diaries using both methods in order to assess whether trip reporting was impacted by 





measured physical functioning, working memory, and mental health to classify disease severity, 
and categorized participants into mild (n = 51), moderate (n = 27), and severe (n = 30) 
categories. In the overall sample, they found that the GPS method recorded fewer trips than the 
diaries, but attributed this to people forgetting the device. People with greater severe disability 
recorded fewer total trips recorded by diary and GPS and fewer diary entries when compared to 
GPS. This indicates that GPS may be a better method of trip reporting for people with cognitive 
and physical disabilities who may have difficulty completing the diaries. The diaries also had 
fewer reported trips than the GPS, especially for return trips and on days with many trips. In line 
with other studies of socioeconomic factors and trip underreporting (Bricka et al., 2012), they 
found that people with lower educational attainment and people who were unemployed were 
more likely to underreport trips. When comparing the average number of trips per day, there 
were no significant differences in reporting rates between the two measurement methods, 
meaning both methods had their shortcomings. This suggests a need for using multiple methods 
of data collection in travel diary studies, especially for those that include people with disabilities.  
Mixed methods using GPS data for studying travel behaviors and experiences provides 
the opportunity for location-specific information to be retrieved to aid in memory recall and 
qualitative assessments of travel. Doherty et al. (2014) used GPS location tracking to 
retrospectively construct activity diaries using three-dimensional visualizations in Google Earth 
and in-depth qualitative interviews among eleven children with physical disabilities, aged 10-14. 
The participants were each given GPS-enabled smartphones to carry with them for several days. 
Afterward, trips and location data for two days were input into a spreadsheet that used automatic 
activity-detection to determine the type of activity (indoor, or in an automobile, for example). 





verified by other details, such as identifying and labeling known locations and removing short 
trips that were a result of noise or extended pauses within a longer trip. Google Earth entries 
were then reviewed with each of the participants to fill in other details about the activities, 
including other people they were with at different locations or when in transit, specific 
accessibility issues, or help participants received for different trips. Throughout the process, they 
could refer back to the map, and zoom in, using street view to help participants recall their trips. 
Due to technical issues and attrition, eight of the children were able to have in-depth discussions 
of their location histories. Among this group, they recounted 15 major accessibility problems that 
impacted their ability to engage in activities. These problems included encountering access 
barriers at building entrances and walking paths, as well as excess time spent waiting for 
transportation or for companions to make short errands. The multi-step mixed-methods protocol 
highlighted mobility behaviors that might be lost in a typical travel diary study, and its 
connection with real-world locations allowed for pinpointing accessibility trouble spots. The 
methods also reveal how much data can be generated by a small pool of participants, technical 
errors that can lead to missing data, and the labor-intensive process involved with collecting 
quality data, which appears to be a consistent challenge with travel diaries that employ digital 
tools. 
Methodological and Technical Challenges of Digital Travel Diaries 
In their review of state-of-the-art travel diary methods, Prelipcean et al. (2018) observed 
a recent decline in participant completion rates of traditional (i.e., pencil and paper) diary studies 
compared to past completion rates. Researchers have tried to use technology, either apps, web-
based surveys, or a combination of the two, to aid in the collection of travel data. They found 





diary at the end of the day; b) automated travel diaries, which allow for mobile devices to record 
GPS and trip information like distance, mode, and time; and c) semi-automated travel diaries 
which combine sources, increasing data quality or "ground truth" by allowing participants to 
correct mistakes in the GPS data. While pencil and paper surveys and separate GPS devices have 
increasingly been replaced by web and app interfaces to reduce costs associated with collecting 
and compiling data for analysis, smartphone apps for travel diaries are also expensive to develop. 
The intricacies of developing for different operating systems and finding ways to securely 
distribute apps to participants add participant burden and lower retention rates. The authors 
identified ten software applications developed by researchers, all but one of which were 
proprietary, leaving little room for knowledge-sharing. The apps’ capabilities for identifying 
trips, trip legs, travel modes, purposes, and destinations were mixed, although five of the apps 
had the capability of recognizing these semantic details.  
The authors also point to the importance of a well-designed, easy-to-understand user 
interface for confirming details of locations and transportation modes, and they highlight the 
importance of accessibility for users with disabilities. They recommend an iterative protocol 
development process that takes into account the necessary steps of designing the instrument and 
input method, distribution of the survey and participant onboarding, retrieval of data from the 
instruments and preparation of variables of interest (such as trip segments, locations, travel 
modes), and analysis of the data.  
Travel diaries provide the potential for assessing the impact of mobility behaviors and 
experiences on short-term mood and long-term well-being. Centering this research around 
disability means that considerations for both accessibility in transportation environments and in 





Research Goals and Questions 
The first goal of the study is to develop a methodology that measures travel behaviors 
with GPS and qualitative data about travel experiences through a daily survey. Google Maps 
Timeline and PACO (Personal Analytics COmpanion), two free and widely available apps that 
work for most smartphones, were used to collect daily experience diaries. As highlighted in the 
previous section, an iterative process was necessary to determine whether the selected tools 
would work for collecting a travel diary that combines GPS data and qualitative data, while 
reducing participant burden and research costs. Incorporating the study of mood and recording 
travel obstacles and delays are two examples of how this digital travel diary method can capture 
richer qualitative data. 
The second goal of the study is to understand how transportation environments impact 
mood, and in turn, overall well-being. Based on the group differences in ratings on the 
transportation barriers scale found in Chapter 3, we would expect disabled participants to 
encounter more obstacles and delays during their day-to-day travels and have lower overall well-
being. There are two overarching research questions of this chapter. First, are there group 
differences between disabled and nondisabled participants in the frequency of trips, obstacles 
and delays, or mood while traveling? And second, how are moods after traveling related to 
survey measures like transportation barriers, fulfillment of basic psychological needs, and well-
being? 
RQ1a: Do people with disabilities encounter more obstacles and delays than people 
without disabilities? 
H1a: People with disabilities will encounter more obstacles and delays while traveling 





RQ1b: Are there group differences in mood while traveling between people with 
disabilities and people without disabilities?  
H1b: People with disabilities will experience worse moods while traveling than people 
without disabilities.  
RQ1c: If there are differences in moods, are they attributable to the number of obstacles 
or delays encountered during daily travel?  
H1c: Group differences in mood will be explained by a greater number of obstacles or 
delays encountered by people with disabilities.  
RQ2: What are the relationships between mood while traveling, scores on the 
transportation barriers scale (TTBPN), and scores on the fulfillment of psychological needs scale 
(ALT-BPNF)?  
H2: Average trip moods will have a positive relationship with fulfillment of basic 
psychological needs and a negative relationship with transportation barriers. 
RQ3: Are there group differences in the types of coping strategies disabled participants 
use in comparison to those of nondisabled participants?  
While there is literature related to how people with disabilities and their families cope 
with disability or health problems (Chevalier et al., 2009; Savage & Bailey, 2004), there is no 
comparative research on how people with disabilities might cope with obstacles differently than 
people without disabilities, therefore there are no associated hypotheses for the last research 
question.  
Research Design 
A between-participants design was used to see if there were group differences in 





on transportation barriers and psychological needs fulfillment in transportation from the 
responses recorded during the second survey. Because of the novelty of methods used for the 
travel diary, two preliminary studies were conducted to develop the research protocol for the 
final study. The travel diaries were completed over a period of days rather than on a single day, 
so are technically longitudinal studies, but are analyzed as cross-sectional data in order to 
explore the variability of travel that occurs over a week-long time frame rather than looking for 
trends. 
Methods 
A pilot study and a feasibility study were conducted to test the usability of the tools, 
collect sample data, and develop the communications for the travel diary study. Results from the 
pilot study informed the measures of obstacles, delays, and response types for the subsequent 
studies, and process and accessibility improvements were made at each step.  
Pilot Study 
A pilot study was conducted in March 2018 with two goals: to establish digital best 
practices for a full-scale study, and to get feedback from participants on technical challenges and 
other processes of participating in the study. Short virtual focus groups were also conducted to 
understand participants' preferred diary frequency, and to see whether there were any benefits in 
seeing a report of their travel diary for the week, including the GPS location data showing time 
spent traveling by different modes as well as responses to PACO questionnaires.  
Recruitment and Participant Selection  
Recruitment was conducted online through social media and mailing lists to disability 
groups and transportation interest groups. Participants were offered $50 for the completion of all 





recruiting 20 participants. Response rates for the recruiting call was 15%, with 58 signups out of 
375 website visitors during the recruitment period. Of the 67 people who completed the 
screening form, 58 also completed the demographic survey. Participants were selected based on 
disability status, then by age and gender. Because of the small participant pool and online 
recruitment, the sample skewed young, with the majority being under the age of 25. Out of the 
20 participants selected, 19 completed all of the steps of the study. The sample was evenly split 
by disability and gender; disabled (n = 9) and nondisabled (n = 10), and male (n = 10) and 
female (n = 9). Disability types included Deafness (n = 3), blindness (n = 1), cognitive disability 
(n = 5), mobility (n = 3), self-care disability (n = 1), and communication disability (n = 2) (five 
people reported multiple disabilities, so the total is larger than nine). Of the nine disabled 
participants, six reported that their disability made it difficult for them to travel alone. 
Procedures 
Participants were given the choice of completing a once daily or three times per day 
PACO survey for one week and told to schedule reminders around the times that they typically 
traveled or at the end of the day when they were home and would be unlikely to take more trips. 
They were given instructions for logging into Google Maps, enabling their timeline, and 
correcting trip information, including editing the mode of transportation used, the times spent at 
a destination or in transit, adding missing locations, and deleting locations that were recorded in 
error. Google Maps Timeline provides several useful transportation mode options for users to 
select from, such as "by wheelchair," "taxi," or "cycling," that add more details than are possible 
through automatic detection. Participants were also asked to download their location history and 
upload .kml files to the study website. Several people opted to have an anonymous email address 





collection, personal mobility reports were generated and sent to participants. They were invited 
to a half-hour virtual focus group and asked to complete a brief survey with questions about the 
level of difficulty of the study steps, changes in awareness of personal travel behaviors and 
moods, and why they selected the survey frequency that they chose. 
Measures 
Google Maps automatically recorded transportation modes and time spent traveling, but 
occasionally omitted transportation modes when the software could not automatically infer the 
correct mode. Participants were expected to correct errors in transportation modes and travel 
times. The PACO questionnaire started with quantitative measures found in other travel diaries, 
including, whether the person had traveled that day (or in the previous five hours for the three 
times per day version), the mode(s) of transportation they used for their trip(s), the purpose for 
the trip(s), and their trip companion(s). Additional qualitative questions asked whether they 
experienced obstacles or delays, and if so, a description of the delay or obstacle, along with an 
explanation of how they reacted. The PACO interface also includes a way to record mood, using 
a Likert scale depicting faces with expressions ranging from sad (frowning) to happy (smiling). 
Participants were asked how they felt after their trip, and this was followed up with an optional 
open-ended question asking why they felt that way. The questionnaire also included open-ended 
questions about memorable experiences from their travels in the past day or the previous five 
hours (see Appendix D. PACO Survey 1). 
Results 
Of the 58 people who completed the demographic survey, 31 reported transportation 
difficulties. The modes of transportation associated with transportation difficulties were: subway 





1), and wheelchair (n = 1) (categories not exclusive). Participants reported experiencing average 
daily delays ranging from 2-20 minutes (n = 14), 30-60 minutes (n = 6), 1-3 hours (n = 6), up to 
5 hours (n = 1), and several nonspecific answers such as "varies" or "depends on the day" (n = 4). 
When asked to describe how they handle these difficulties, participants had a number of 
strategies, some which were mode-specific: using an alternative mode of transportation (n = 11); 
waiting or being patient (n = 7); handling accessibility issues, like asking for help, using apps for 
information and communication, avoiding inaccessible subway stations, or leaving strollers at 
home (n = 5); venting frustration (n = 4); avoiding Access-A-Ride (n = 3); planning ahead (n = 
3); and leaving earlier (n = 3). 
Among the 19 participants, 253 total trip entries were recorded in PACO. Of these 
entries, 33% included descriptions of obstacles or delays and descriptions of how participants 
dealt with the problems they encountered (n = 76), and 25% included responses describing 
memorable experiences while traveling (n = 58). Comprehension rates of the study’s tools and 
communications from the research team were high, as were data completion rates.  
 Participants were evenly split between choosing the thrice-per-day survey (n = 9) and the 
once-per-day survey (n = 10). Completion rates were mixed among the groups. People who 
completed the surveys three times per day reported trips for an average of 12.2 unique time 
periods (morning, afternoon, or evening) over the week, and those who completed the once-daily 
surveys reported trips for an average of 14.3 travel time periods (morning, afternoon, or night). 
This indicated that some notifications during the day may have been missed and that the once-
per-day survey resulted in greater study compliance and a more complete record of trips. The 
three-times-per-day surveys had more open-ended responses for obstacles or delays and 





longer once-a-day survey if participants traveled during multiple timeframes throughout the day. 
Several participants who completed the once-daily surveys failed to submit a response on PACO 
or Google Maps data if they did not travel anywhere, highlighting the need for clearer 
instructions to complete the travel diary even when no travel took place.  
Mobility Reports. Summaries were generated with RStudio using data from Google 
Maps Timeline to calculate time and distance for different modes of transportation, and a map of 
paths of travel throughout the week. PACO data was used to generate graphs of the associations 
between mood and trip characteristics, including purpose, mode, companions, and time of day. 
These measures were imprecise because participants could report more than one trip purpose, 
mode, or companion.   
Focus Group Insights. Focus group questions were split into two sections: the first part 
was used to discuss the study itself, and the second part asked general transportation questions 
from a community perspective. Many participants were eager to share their transportation 
experiences and talk about what they perceived as challenges affecting their commutes, and 
many expressed a desire to have their experiences shared with the MTA. People with disabilities 
were more attuned to accessibility problems than people without disabilities—even if they were 
not personally affected by the specific barriers. This suggests that nondisabled people may not 
have the same level of awareness of accessibility issues as those who are part of the disabled 
community. Communication issues were discussed among participants with and without 
disabilities, and many expressed being confused during service changes or having difficulty 
hearing announcements. Weather was a factor impacting moods for many, and several talked 
about seasonal differences in travel experiences. Given the timing of the data collection period, it 





Technical and Methodological Challenges. Onboarding was challenging for first-time 
Google Maps users, and different phone operating systems (and versions of operating systems) 
have different menus and application settings. In addition, battery usage concerns may have led 
people to choose settings that reduced their location accuracy. Roughly 80% of participants 
completed a full week of PACO surveys, and around one third (32%) filled out more PACO 
surveys than required, even after the study period was complete. The majority (63%) of 
participants corrected missing mode information in Google Maps Timeline, and the rest (36%) 
had at least one missing mode in their week of data collection. The PACO app does not have an 
edit feature, so several participants duplicated entries.  
Method Improvements. Several people with disabilities did not experience any 
difficulty with transportation, which was an important insight gained for the series of studies. 
Because this initial pilot preceded the first survey, this knowledge led to additional questions 
about transportation difficulty for disabled participants in subsequent surveys. In order to 
identify a transport disability, additional questions were included in the screening survey.  
One of the greatest technical challenges for some participants in the initial pilot study was 
the process of extracting the data from Google Maps and uploading it to the study website. This 
process was circumvented for several participants who requested an anonymous email address 
that the researchers could access, which resulted in fewer challenges with this part of the study. 
Because of other privacy concerns and the potential for low retention and completion rates in 
subsequent studies, anonymous email addresses were provided for all participants in the second 
feasibility study. This change also allowed for greater control and communication during the 
onboarding process because it allowed the researchers to verify whether settings were correct 






A second feasibility study was conducted in August 2019 to address many of the 
technical challenges that became evident in the first study. Additional insights gained from 
disability questions in the screening survey also informed questions in other surveys (Chapter 2 
and 3). Detailed instructions for both apps (Google Maps and PACO) were created to show how 
to download, login, and adjust settings on both Android and iPhone devices using animated gifs 
to illustrate the textual instructions for each platform. The goals of the second feasibility study 
were to incorporate questions to assess the reliability of objective measures, test improved 
onboarding processes and instructions, and generate sample data for planning the data processing 
and analyses for a larger study, including triangulating PACO survey responses with Google 
Maps location history, and recording transportation modes and the number of trips taken.  
Recruitment and Participant Selection 
Participants with diverse disabilities were recruited for the second feasibility study in 
order to determine if there were any accessibility problems with the instructions or apps. As part 
of a related study to pilot an online travel training program, participants were invited to attend an 
in-person focus group and feedback session. Participants were compensated $100 in total for 
their time spent onboarding, completing the travel diary, attending a three-hour in-person 
feedback session, and completing a brief follow-up survey. 21 participants with mobility, vision, 
and developmental disabilities were recruited through contacts at two independent living centers 
and an adult day habilitation program using snowball sampling. 
Procedures 
Participants were asked to follow most of the same procedures from the first pilot study 





three times daily, all participants were instructed to complete the once-daily survey, which asked 
about their travel during different times of the day (morning, afternoon, and evening), with 
follow-up questions about travel modes, trip purposes, companions, mood, and experiences for 
each timeframe. They installed Google Maps and PACO and logged in with anonymous 
credentials provided by the researchers. Participants were also asked to enter a Home and Work 
location for their anonymous accounts, using an address or dropping a pin somewhere near to 
either location if they had privacy concerns. During this process, the accounts could be accessed 
by the researchers through Google Maps on a computer to check if location history settings were 
enabled and other settings were correctly configured to record accurate location history. 
Participants were instructed to complete at least three days of the travel diary in order to provide 
pilot data for analysis planning and provide feedback on the instructions. 
Measures 
Google Maps Timeline recorded travel histories, including locations, modes of 
transportation, distance, and time spent traveling. Branching multiple-choice and open-ended 
questions were added to the PACO survey in relation to whether people made any edits to their 
timeline, what kind of edits they made, and whether they had difficulty making any edits to their 
timelines. An additional question asked if they used a mode of transportation that Google Maps 
could not distinguish, including paratransit, riding in a car as a passenger (other than a taxi), and 
using a standing scooter (see Appendix E. PACO Survey 2).  
Focus Group Insights. Some of the participants had difficulty with completing the steps 
of the travel diary or agreed to participate in the study without ample time to complete the steps 
before joining the in-person feedback session, so their diary responses were recorded after the in-





walking through the onboarding process with some participants and discussing participants' 
experiences using the apps and completing their diaries.  
Accessibility Findings. Most participants did not have difficulty with answering the 
PACO surveys, but several people noted that the PACO surveys asked about travel modes even 
though Google Maps was already recording this information. Several participants with manual 
dexterity challenges reported difficulty editing Google Maps Timeline and typing out responses, 
which highlighted a need to bring greater attention to the option to use voice-to-text to record 
diary entries. There was one blind participant who received help from an aide to complete the 
survey and many of the participants who were recruited through the day habilitation program 
asked to schedule the daily reminder to complete the survey during times that program assistants 
could help them complete the travel diary. Some participants had difficulty with correctly 
entering their credentials and needed help with navigating their phone's operating systems to 
enable the correct settings.  
Technical and Methodological Challenges. The rate of change for software presented a 
challenge. Several participants had older phones that could not update to the latest version of the 
operating systems, which meant that some settings did not match the instructions that were 
provided. Operating system changes for both Android and iPhones meant that instructions 
developed several months prior to the pilot study were already outdated. Some iPhone users also 
reported inaccuracies in their timeline histories, and this required additional troubleshooting for 
settings that might impact accurate reporting. Some participants noted that their location histories 
were more accurate after several days, suggesting that some "warm-up" time is needed for the 
location tracking to work. Several people also reported that short trips down the block were not 





Comparing PACO and Google Maps. Participants in the first feasibility study used 
their own email accounts and extracted their location histories in text-based .kml files that could 
be used to calculate total distances and times spent on different modes of transit, and latitude and 
longitude information that could be used to reconstruct the path of travel for the week. Because 
the second feasibility study allowed the research team to directly access Google Maps Timeline 
using the Maps interface, this was the first opportunity to compare the travel diary survey 
answers with individual days in Google Maps Timeline. In comparing the PACO travel diary 
entries, the diaries and recorded travel behaviors did not align in the majority of cases. Trips 
were under-reported in PACO, even though questions asked about travel during different time 
periods (morning, afternoon, and evening). Since each selection for traveling during these time 
periods resulted in additional follow-up questions, someone who traveled during all three time 
periods would end up with a survey that was three times longer than someone who only traveled 
during one time period. It is also possible that the diaries were answered based entirely on 
memory, so some trips were not remembered. These inconsistencies pointed to a need for 
experience sampling and data reduction to reduce participant burden, and create usable data that 
could link the PACO responses to objective data recorded by Google Maps.  
 Method Improvements. Instructions for the onboarding process and for completing the 
diary were identified for further improvement. In order to ensure that participants all completed 
the same number of diaries each day, a sampling frame asked about users' best and worst 
experiences. This has been recommended in other diary studies related to emotions in order to 
capture greater variability (Charles et al., 2016). In order to connect the diary answers back to the 
Google Maps Timeline data and encourage participants to interact with both data collection 





and worst trip, further operationalizing the definition of a trip (traveling between two 
destinations, not a round trip) (see Figure 7). These questions were incorporated into the final 
instrument for the large-scale pilot study and the instructions and methods were tested with an 
outside research assistant.  
 
Figure 7  
Trip Numbers in Google Maps Timeline 
 
Large-Scale Study 
The final study included New York City residents and people from surrounding areas 





revised survey from Study 2, then completed a week-long travel diary using GPS location-
tracking with Google Maps and daily surveys. The daily surveys asked participants to review 
their location history to identify their "best and worst trips" of the day, confirm how many 
minutes the trip took as a ground check, then complete multiple choice questions for trip purpose 
and travel companions, obstacles or delays, and how they responded to obstacles or delays if 
they encountered them. The daily surveys also included a Likert-scale for mood, and an open-
ended question for memorable experiences for the best and worst trips. 
Participants 
Recruiting was conducted in conjunction with the second survey, with a goal of recruiting 
an equal number of people with and without disabilities. Of 905 participants who responded to 
the recruiting call, 211 completed the screening. From this group, 148 participants were invited 
to take part in the travel diary study and 74 completed all of the steps, including taking the 
survey, installing both apps, verifying their location history in Google Maps, and completing at 
least one PACO diary entry. This resulted in a total of 463 PACO diary entries, including entries 
where people took at least one trip (n = 394) or no trips (n = 73). Google Maps recorded 
additional active days (n = 62) and inactive days (n = 23) with no PACO diary entry. The 
average number of diary entries was 5.84, with a median of 6 entries. 34 participants reported 
having at least one type of disability, including mental health and communication disabilities, or 
severe pain or fatigue, and 39 reported no disabilities (see Table 32 and Table 33 for participant 
profiles).  
Table 32 
Travel Diary Participant Demographic Profiles 
 Disabled  Nondisabled  





  Female 21 (63.6%) 26 (68.4%) 
  Male 11 (33.3%) 11 (28.9%) 
  Not specified 1 (3.0%) 1 (2.6%) 
Race/Ethnicity         
  White 16 (48.5%) 13 (34.2%) 
  Non-white 17 (51.5%) 23 (60.5%) 
  Not specified 0 (0.0%) 2 (5.3%) 
Education         
  High school or less 4 (12.1%) 3 (7.9%) 
  College 13 (39.4%) 24 (63.2%) 
  Advanced degree 16 (48.5%) 11 (28.9%) 
Income Range         
  < 10,000 8 (21.1%) 8 (24.2%) 
  10,000-30,000 8 (24.2%) 10 (26.3%) 
  30,000-70,000 6 (18.2%) 5 (13.2%) 
  100,000+ 8 (24.2%) 11 (28.9%) 
  Not specified 3 (9.1%) 4 (10.5%) 
Employment Status*     
  Full Time 20  24   
  Part Time 3  8   
  Self-Employed 1  3   
  Student 5  8   
  Unemployed 3  1   
  Retired 2  0  
Age         
  18-35 22 (66.7%) 26 (68.4%) 
  36-50 6 (18.2%) 8 (21.1%) 
  51-65 4 (12.1%) 4 (10.5%) 
  65+ 1 (3.0%) 0 (0.0%) 




Travel Diary Participant Disability Profiles (n = 34) 
 Total % of Total Sample % of Disabled Sample 





Hearing 5 6.8% 14.3% 
Walking 16 21.6% 45.7% 
Remembering or 
Concentrating 13 17.6% 37.1% 
Self-Care 11 14.9% 31.4% 
Communicating 3 4.1% 8.6% 




Participants in this study also completed Survey 2 and completed a 1-week travel diary 
which consisted of GPS location tracking and a daily survey. Google Maps Timeline was used to 
record location history, including time spent using different modes of transportation and 
destinations. If participants took any trips, the PACO questionnaire was updated to refer to which 
trip number was their best and worst trip of the day, with follow-up questions about trip purpose, 
companions, and modes that were not available in Google Maps. Types of obstacles included 
items like, "broken elevator or escalator," "lack of parking for vehicle or bicycle," "missed 
communication about a transportation service change," and "poor road or sidewalks." Obstacle 
responses included items like, "asked someone for help to navigate around the obstacle," "filed a 
complaint," "took a different route than what I planned," or "took extra caution with poor 
weather." Delays included items like "car crash or other accident," "road traffic," "subway, bus, 
ferry, or paratransit behind schedule," and "weather-related delays." Delay responses included 
"changed plans due to the delay," "found a way to entertain myself," " rushed to catch another 
subway, bus, or ferry," "took the opportunity to rest or relax," and "used a different mode of 





If participants reported obstacles and delays during their best or worst trip, they were 
asked how many minutes the obstacles added to their trip, and how they responded. Mood for 
best and worst trips was measured with a 5-point Likert scale depicting faces ranging from 
unhappy (frowning) to happy (smiling) with a neutral option, which was followed by an open-
ended question about memorable experiences (see Figure 8 PACO Mood Rating Interface). 
 
Figure 8 
PACO Mood Rating Interface 
 
Procedure 
Participants were asked to follow most of the same procedures from the second feasibility 





at the end of the day for one week. Participants were asked to enter a home and work location for 
their anonymous accounts using an address, or to drop a pin somewhere near to either location if 
they had privacy concerns. During this process, the accounts were accessed by the researchers 
through Google Maps to check if location history settings were enabled and other settings were 
correctly configured.  
Analytic Approach 
Some variables, like the average number of obstacles and delays per day of travel were 
not normally distributed, so nonparametric hypothesis tests were used to test group differences in 
those cases. The gvlma package in R was used to test the assumptions of linear regressions (Peña 
& Slate, 2014), including multivariate normality of the residuals, no multicollinearity between 
variables, and homogeneity of variance for group analyses. All models with single comparisons, 
such as group differences on one variable, used an alpha level of .05. For models with multiple 
comparisons, alpha levels were adjusted to account for the number of tests on each dependent 
variable using Bonferroni correction, dividing the significance level by the number of 
simultaneous tests conducted (Perrett & Mundfrom, 2010).  
One participant who took no trips during the week and two other cases without mood 
data were dropped from the analysis for a final sample size of n = 71. Several data manipulations 
were conducted to ensure that the unit of analysis was the individual in order to have directly 
comparable continuous variables in spite of missing entries. Averages for best and worst moods 
were computed for each participant using all available data for those trips. Therefore, if a 
participant only reported three best trips during the week, their average "best mood" was 
calculated based on those three trips. An overall average mood for all trips was also calculated. 





delays each day, and a daily average number of obstacles and delays for days when trips were 
made were also calculated for each participant. Out of 71 participants who had at least one diary 
entry for the week, 15 encountered obstacles and delays during their best trips, and 63 
encountered obstacles and delays during their worst trips.  
Results 
A baseline correlation matrix was calculated for the main outcome and predictor 
variables for the study, including disability status, average number of obstacles and delays 
reported during the week, average mood during best trips and worst trips, the transportation 
barriers (TTBPN) and basic psychological needs fulfillment measure (ALT-BPNF), and 
household income, which was associated with well-being in the analyses from Chapters 2 and 3. 
Gender and age were not correlated with outcome measures in previous chapters, and therefore 
they were not included in the analyses. Household income was not correlated with any of the 
outcome variables in this sample, so it was not included in any of the models. Disability status 
was positively correlated with the transportation barriers scale (r = .339, p = .003), and average 
obstacles per day were also positively correlated with the transportation barriers scale (r = .313, 
p = .007). Average delays per day were negatively correlated with mood during worst trips (r = 
−.502, p < .001), and average obstacles per day were negatively correlated with mood during 
best trips (r = −.320, p = .006). The TTPBN measure had an inverse relationship with the ALT-
BPNF scale (r = −.596, p < .001) (see Table 34 for baseline correlations). 
 
Table 34 
Baseline Correlations of Key Predictor and Outcome Variables for Study 3 
 1. 2. 3. 4. 5. 6. 7. 





2. Avg. Obs/day 0.232       
3. Avg Delays/day −0.227 −0.019       
4. Mood Best −0.275* −0.321** −0.196     
5. Mood Worst 0.086 −0.093 −0.502*** 0.430***     
6. TTBPN 0.339** 0.313** −0.053 −0.420*** −0.123   
7. ALT-BPNF −0.336** −0.224 0.022 0.21 0.038 −0.596***   
8. Flourishing −0.2 −0.263* −0.067 0.295* 0.062 −0.268* 0.305** 
Computed correlation used pearson-method with listwise-deletion.  
* p < .05, ** p < .01. *** p < .001. Adjusted alpha level = .006. 
 
The first hypothesis had multiple parts: a) that people with disabilities would encounter 
more obstacles and delays than people without disabilities in their daily travels, b) that people 
with disabilities would experience worse moods while traveling than people without disabilities, 
and c) that differences in mood would be explained by a greater number of obstacles and delays 
encountered. Hypothesis tests were conducted to assess if there were significant group 
differences in the average number of obstacles and delays encountered per day, or on the best 
worst, and average mood for disabled and nondisabled participants. Mann-Whitney tests of 
independent samples were conducted to test the hypothesis that people with disabilities would 
experience more obstacles and more delays than people without disabilities. The number of 
average obstacles per day was greater for disabled participants (Mdn = 0.155) than for 
nondisabled participants (Mdn = 0, U = 813.5, p = .02, r = .24). The average number of delays 
was not greater for participants with disabilities, so an alternative test was conducted to see 
whether nondisabled participants experienced more delays on average. The number of average 
delays per day was higher for nondisabled participants (Mdn = .286) than for disabled 
participants (Mdn = .167, U = 467, p = .02, r = .24).  
Independent samples t-tests were calculated for average moods during best trips, average 





group differences based on disability status between average moods during worst trips and no 
group differences in overall average moods. Average moods during best trips were significantly 
higher for nondisabled participants (M = 4.38, SD = 0.473) than for disabled participants (M = 
4.12, SD = 0.56, p = .01, d = 0.58).  
According to these initial results, hypothesis 1a was only partially supported, because 
people without disabilities experienced more delays on average than people with disabilities. 
Hypothesis 1b was also only partially supported because participants with disabilities reported 
worse moods on average during their best trips than participants without disabilities. To 
summarize, disabled participants reported more barriers than nondisabled participants, but 
reported fewer delays than nondisabled participants. Disabled participants had significantly 
worse moods during their best trips, and there was only a difference in mood between disabled 
and nondisabled participants on best trips (not on worst trips or average overall trips).  
Because the hypothesized relationships between mood and obstacles or delays did not 
align for both groups, I fit two grouped multiple regression models to examine whether average 
number of obstacles encountered and average number of delays predicted a difference in average 
overall moods between disabled and nondisabled participants (see Table 35 for results). Average 
obstacles per day significantly predicted lower average moods for disabled participants (b = 
−.48, p = .04), but there was no effect of average obstacles per day on average moods for 
nondisabled participants. Average number of delays significantly predicted lower overall average 
moods while traveling for both disabled participants (b = −.57, t(31) = −2.16, p = .04) and 
nondisabled participants  (b = −1.18, t(36) = −4.73, p < .001). For disabled participants, every 1-
unit increase in the average number of obstacles per day was related to a −.48 lower average 





delays encountered per day, which predicted a −.57 lower average mood rating while traveling. 
Nondisabled participants' average mood was not affected by the average number of obstacles 
they encountered per day, but delays had a greater effect, with a 1-unit increase in average delays 
per day leading to a −1.18 lower overall average mood while traveling. 
Table 35 
Grouped Regression Results with Overall Average Trip Moods as the Outcome Variable   
  Disabled Nondisabled 
  b SE t value b SE t value 
(Intercept) 3.80*** 0.13 29.88 3.66*** 0.10 37.49 
Avg. Obs/day −0.48* 0.23 −2.12 0.41 0.37 1.10 
  
 
Model fit: Adj. R2 = 0.10* 
F(1,31) = 4.48, p = 0.04 
 
Model fit: Adj. R2 = 0.005 
F(1, 36) = 1.2, p < .001 
 
(Intercept) 3.80*** 0.13 29.98 4.12*** 0.11 37.36 
Avg. Delays/day −0.57* 0.27 −2.16 −1.18*** 0.248 −4.73 
  
Model fit: Adj. R2 = 0.10* 
F(1, 31) = 4.65, p = 0.04 
 
Model fit: Adj. R2 = 0.37*** 
F(1,36) = 22.39, p < .001 
b represents unstandardized regression weights, SE represents the standard error. *p < .05, ** p 
< .01, ***p < .001. Adjusted alpha level = .05. The second model (top right) is not significant 
because the F-statistic was lower than the critical value. 
 
 To answer the second research question about the relationships between mood while 
traveling and scores on the transportation barriers (TTBPN) and fulfillment of psychological 
needs (ALT-BPNF) scales, I conducted two multiple regressions. Both models had average 
overall moods as the outcome variable, both transportation scales, and disability status as 
predictors. The first regression model analyzed the average number of obstacles per day as well 
as the interaction between disability status and obstacles, and the second model analyzed average 





results). Both models showed a significant relationship between the transportation barriers scale 
(TTBPN) and average moods during travel, but no relationship between the basic psychological  
Table 36 
Multiple Regression Analysis with Average Overall Mood as the Outcome   
Average number of obstacles per day    
 b 95% CI SE Beta p 
(Intercept) 4.78 3.25, 6.31 .77 .13 < .001 
TTBPN −0.3 −0.51, −0.08 .11 −.4 .008 
ALT-BPNF −0.08 −0.40, 0.23 .16 −.08 .605 
Avg. Obs/Day −0.38 −0.80, 0.03 .21 −.25 .069 
Disabled −0.27 −0.59, 0.05 .16 −.08 .093 
Avg. Obs/Day 
:Disabled 1.09 0.22 – 1.96 .44 .71 .015 
Adjusted R2 = 0.1309, F(5,65) = 3.108, p = 0.01  
 
Average number of delays per day    
 b 95% CI SE Beta p 
(Intercept) 4.46 3.10, 5.82 .68 .03 < .001 
TTBPN −0.26 −0.46, −0.06 .1 −.35 .013 
ALT-BPNF −0.03 −0.30, 0.25 .14 −.02 .855 
Avg. Delays/Day −0.35 -0.81 – 0.10 .23 −.21 0.124 
Disabled 0.28 −0.05, 0.62 .17 0 .092 
Avg. Delays/Day 
:Disabled 
-0.92 -1.67 – -0.17 .38 −.55 0.017 
Adj. R2 = 0.2815, F(5,65) = 6.485, p < .001  
 b represents unstandardized regression weights and CI indicates confidence intervals. SE 
indicates the standard error. Beta indicates the standardized regression weights. Adjusted alpha 
level = .008. 
needs fulfillment measure (ALT-BPNF) and mood. This finding suggests that the transportation 
barriers scale is more aligned with short-term hedonic measurement of well-being (mood), than 
the longer-term measure of needs fulfillment. The interaction between disability status and 
obstacles was also significant at the adjusted alpha level (b = −1.09, t(65) = −2.51, p  = .01), but 





For the final research question, whether there were differences in coping strategies 
between disabled and nondisabled participants, the total number of obstacles and delays, total 
delay responses, and total obstacle responses were tested for chi-square differences of 
proportions. Responses to problems were categorized into two broad types, including active 
responses like choosing a different mode, asking for help, or filing a complaint, and passive 
responses like waiting, being patient, or entertaining oneself. Disabled participants experienced a 
greater number of obstacles over the course of the week, and nondisabled participants 
experienced a greater number of delays (see Table 37 and Figure 9).  
Table 37 
Number of Obstacles and Delays by Disability Status  
  Total Obstacles Total Delays   p-value 
Nondisabled 29 (35.8%)  78 (62.9%)  
Disabled 52 (64.1%)  46 (37.1%)  
   < .001 
 p-value = significance of x2 difference of proportions of number of obstacles and 







 Number of Obstacles and Delays by Disability Status 
 
Responses were aligned with the total number of obstacles and delays encountered by 
disability status to see whether the proportion of responses to reported obstacles or delays were 
significantly different between groups. Disabled participants employed relatively more active 
and passive response types to delays than nondisabled participants (see Figure 10), but there was 
no significant difference in total responses to obstacles (see Table 38). 
 
Table 38 
Obstacle and Delay Response Rates by Disability Status 
 
Obstacle responses  
  Total Responses Total Obstacles  p-value 
Nondisabled 16 29  





   .44 
Delay responses   
  Total Responses Total Delays  p-value 
Nondisabled 26 78  
Disabled 35 46  
   .014 
 p-value = significance of x2 difference of proportions of total responses to total obstacles and 
delays by disability status. Adjusted alpha level = .025. 
 
Figure 10 
Types of Responses to Obstacles and Delays by Disability Status 
 
Discussion 
The results show that disabled and nondisabled participants experienced delays and 





experienced—or at least reported—about twice as many delays as the disabled participants in the 
study. It is possible that because people without disabilities travel more frequently on average, 
that they experienced more delays as a result. There were also differences in how these travel 
impediments affected mood for each group, with disabled participants reporting worse moods 
than nondisabled participants during their best trips, and nondisabled participants reporting 
worse moods than disabled participants during their worst trips. This effect might be explained 
by differences in coping strategies in response to repeated exposure to processes outside the 
individual's control. People with disabilities may be more accustomed to delays during their 
normal travels and in everyday life (Samuels, 2017). At the same time, because participants with 
disabilities reported many more obstacles during their travels, it is possible that the repeated 
exposure to barriers are more impactful on overall mood, especially if they are more difficult to 
cope with than delays.  
The results are also consistent with other research findings that hedonic short-term well-
being and eudaimonic long-term well-being are different constructs and psychological processes 
(Thorsteinsen & Vittersø, 2020). The transportation barriers scale was inversely related to moods 
resulting from travel, while the fulfillment of basic psychological needs in transportation—which 
was highly correlated with well-being—was not related with mood after controlling for disability 
status and responses on the transportation barriers scale. This suggests that transportation barriers 
have a greater impact on short-term well-being during travel, but not on the long-term or 
eudaimonic well-being or the fulfillment of basic psychological needs in transportation. This was 
also supported in the findings from Chapter 3, which showed that the assessment of basic 






It may seem like nondisabled participants would have more coping responses available to 
them (i.e., taking another mode of transportation), but the opposite was true here. Coping is 
defined as "efforts to manage demands that tax or exceed our resources'' (Lazarus, 1966, p. 34). 
The term is synonymous with emotion regulation, which is a set of different processes that often 
depend on the individual's context. DeSteno et al. (2013) identified five processes of emotion 
regulation, including situation selection, situation modification, attentional deployment, 
cognitive change, and response modulation. Situation selection refers to choosing to be in a 
particular situation based on the emotions one would like to have (or not have) and situation 
modification refers to modifying the environment in order to alter emotional responses 
associated with the situation. Attentional deployment means redirecting attention elsewhere to 
influence emotional responses. Cognitive change means changing the appraisal of the situation 
which led to the emotional response, and response modulation refers to changing physiological 
or behavioral responses after the emotional response has already occurred. Because situational 
selection might mean avoiding certain modes altogether, it is less relevant than the other types of 
responses that depend on active engagement with changing the situation or passive types of 
response modifications that are concerned with internal emotion regulation.  
Disabled participants reported using relatively more active coping strategies for the 
delays compared to nondisabled participants, even though they encountered fewer delays during 
the week. This finding may also point to group differences in emotion regulation, with disabled 
participants employing more adaptive strategies to handle delays. More research is needed to 
understand why participants with disabilities reported more of these emotional regulation 
processes than nondisabled participants, and whether different types of responses to obstacles 






There were some data collection issues in PACO that resulted in missing responses, and 
GPS data quality was impacted for some participants (iPhone users in particular). While the 
overall accuracy of the GPS data should be at least as high or higher than other custom-
developed applications, the potential for a high number of missing trips among half of the sample 
was worrisome for trying to draw valid conclusions about travel behaviors. However, having an 
objective measure of whether daily travel occurred even when participants do not complete the 
qualitative portion of the survey can fill in the blanks about travel behaviors. Hopefully, future 
security changes in iOS will make the Timeline tool a useful method of data collection for travel 
diary research. Accessibility challenges for PACO also presented a challenge for some 
participants, but there may be other tools available that provide the same functions, or it may be 
possible to make accessibility improvements to the open-source app. 
The PACO questionnaire responses still offered enough information to test several 
research hypotheses having to do with short-term well-being in relation to long-term well-being, 
as well as the impact of obstacles and delays on mood. A larger sample size would allow for a 
more in-depth analysis of how people with different disabilities respond to different types of 
transportation challenges and how these challenges impact mood. Nested longitudinal models 
may also provide more statistical power and better estimates than aggregate scores for individual 
participants. 
Future Directions 
While I encountered many of the challenges experienced by other researchers who use 
travel diary methods, there is still great potential for using Google Maps Timeline as a tool for 





participants with a reminder of the day's trips when it is time to complete the diary entry. The 
overall compliance rate was relatively high in comparison with other digital travel diary studies. 
The tools used for this study are ideal for other researchers with a small budget because there is 
no need for costly programming, which leaves time for other important processes like 
onboarding, developing clear instructions for the protocol, communicating with participants to 
send reminders or encouragement for continuing, and data processing. A fully-developed 
individual reporting tool could also provide meaningful insights for participants and serve as an 
additional incentive for participating.  
In the last decade, research has shown that transportation influences well-being, but there 
is still room for more research. We currently have very little understanding of how the health and 
well-being of people with disabilities are impacted by the problems they encounter in 
transportation settings. Travel diaries have the potential to collect more qualitative information 
about individual behaviors and experiences, which can offer greater insights into problems that 
people encounter as well as how travel affects their short-term and long-term well-being. Using 
mixed-methods to collect both subjective travel behaviors and qualitative inputs can improve this 
line of research. Travel diaries could serve many different purposes at once, including gathering 
behavior for planning purposes, and analyzing the factors that affect differences in mobility 
behaviors. Improving on these research methods offers the potential for interdisciplinary research 
with more robust findings on motivation and travel behavior. 
Conclusion 
The findings from the travel diary study showed a relationship between short-term well-
being measured by mood after travel and responses on the transportation barriers scale (TTBPN). 





and obstacles in different ways, not only in the number of obstacles and delays reported, but also 
in their subsequent moods, and in the number and types of coping strategies they used. More 
research is needed to understand how having a disability impacts the ways in which individuals 





Chapter 5: Conclusion and Discussion 
 The goals of the three studies in this dissertation were to a) use the framework of self-
determination theory to measure fulfillment and frustration of basic psychological needs in 
transportation settings; b) determine how these measures impact well-being, and how disability 
influences this relationship; and c) measure transportation experiences to understand how 
obstacles and delays impact short-term mood and long-term well-being. The theoretical framing 
of self-determination is especially well-suited for the study of transportation because it captures 
additional dimensions of motivation beyond fulfillment of physiological needs or utility-based 
models of travel behavior (De Vos et al., 2013). From a developmental perspective, 
understanding motivational processes and behaviors in relation to daily travel is key to many 
other developmental outcomes beyond those examined here, such as goal attainment in the 
context of education and work, community engagement, health, and functioning later in life 
(Chang et al., 2013; Musselwhite et al., 2015; Zalewska et al., 2016). The focus on disability is a 
way of centering known problems that people with disabilities encounter in the transportation 
environment and showing how they impact fulfillment of basic psychological needs in the 
context of transportation. This chapter reviews the theoretical implications of the research and its 
relevance to policy-makers in urban planning and transportation, and discusses potential 
applications of the measures and methods for future research. 
Theoretical Implications 
Findings of the study contribute to the disability, self-determination, and transportation 
literature and point to areas where more research is needed. Researchers often overlook disability 
in their research designs when it is not the focus, and having no standard measure of disability 





insights into how having a disability changes outcomes of transportation mobility or 
transportation-related well-being. Over-sampling participants with disabilities helps to bring the 
impact of disability to the forefront but ideally inclusive measures of disability, like the 
Washington Group short set of disability questions, would be included in large-scale surveys. 
This would allow for more detailed analysis of mobility differences based on disability types and 
other communities impacted by ADA inaccessibility.  
Disability and Accessibility  
These studies showed clear disparities between disabled and nondisabled participants in 
the number of barriers experienced, the impacts of those barriers, the fulfillment of basic 
psychological needs in transportation, and ultimately, well-being. Nondisabled participants did 
not feel the same magnitude of the effects of transportation barriers on fulfillment of needs or 
well-being, but they also did not report that they had no difficulty at all. Disabled participants 
reported more average obstacles per day than nondisabled participants in the travel diary study. 
Universal barriers like geographic distance, lack of mode choice, and poverty are similar to 
architectural barriers because they can lead to the same outcome of social isolation, but these 
issues are effectively compounded for people with disabilities and should be treated as separate 
problems rather than as indicators included in measures of transportation disadvantage 
(Pyrialakou et al., 2016).  
Other segments of the population, especially young children and their families, can be 
frustrated by the same barriers that people with disabilities encounter in public transportation 
(Ettachfini, 2019), but may see their challenges as temporary. There is very little empirical 
research about traveling while pregnant or with children. While written service changes and 





(Language Access Policy, 2019), people who do not speak English may experience the same 
accessibility challenges as people with sensory or cognitive disabilities while using public 
transportation because there are no language requirements for other signage. For example, 
Chinese immigrants in Flushing with low English literacy described feeling as if they were 
disabled by the maps and signage in public transit, developing strategies like making notes of the 
number of stops needed to travel, and planning for the possibility of getting lost (Yu, 2016). One 
interviewee described the challenges associated with relying on other methods of navigating, 
such as counting bus stops when the bus does not stop at each stop on a route or becoming lost or 
disoriented by service changes when the announcement is only in spoken format and only in 
English.  
The universal model of disability considers how the medical and social models of 
disability interact, but barriers still remain because of the financial investments that are often 
required to implement changes and a general lack of political will to ensure that changes are 
implemented. The disability rights movement has made significant progress in the last fifty 
years, but the weaknesses of the ADA, primarily a lack of both funding and enforcement, have 
stalled progress in many areas. The idea of having rights to services like public transportation is 
still not a widely held notion (Attoh, 2019), but minority groups have been fighting for the right 
to transportation for decades. Appealing to the universal needs of the community through all 
stages of life may have greater potential to advance the struggle for rights, which depends on 
political support at all levels.  
Self-Determination Theory 
 Self-determination needs theory has been successfully applied to many domains, with 





are several conceptualizations of factor structures found in the literature, and some researchers 
combine frustration and support of the three needs into single factors (Johnston & Finney, 2010). 
Chapter 2 focused on the measurement of basic psychological needs in transportation and 
approached the topic from understanding two sides of the same coin: the fulfillment of needs and 
the problems that thwart the fulfillment of needs. Organismic integration theory (one of the sub-
theories of self-determination theory) hypothesizes about the process of internalization of 
external motivating factors, which may describe the mediating effect of psychological needs 
fulfillment found in Study 2. This process of internalization is how fulfillment of psychological 
needs is assessed. However, studies that group satisfaction and dissatisfaction items together may 
obscure this process of internalization. This process of assessing socio-environmental 
experiences and modifying behaviors and values may also explain why fulfillment of needs was 
more strongly associated with long-term measures of well-being, while transportation barriers 
were more strongly associated with short-term mood than with needs fulfillment or well-being.  
 Barriers to relatedness in transportation appeared to directly influence well-being, in 
comparison to autonomy and competence which indirectly affected well-being through 
fulfillment of needs. There was some inconsistency with the importance of the need for 
relatedness in transportation in prior research. Vella-Brodrick and Stanley (2013) found that 
relatedness and competence were important mediating factors between transportation mobility 
(potential to travel) and subjective well-being, but Singleton and Clifton (2019) found that 
autonomy and competence were the needs most important in a factor model of travel 
eudaimonia. The measures of thwarting and fulfillment of relatedness in transportation had the 
lowest internal consistency and composite reliability in both of the surveys in this study. It is 





companions, as Singleton and Clifton hypothesized, or that transportation environments are a 
transitional space (O’Hare, 2019) without the kind of interpersonal relationships that Ryan and 
Deci discuss in their theory. 
Transportation and Well-Being 
In Chapter 3, the relationships between the two measures and well-being were further 
explored, as were group differences between disabled and nondisabled participants in the 
magnitude of these relationships. There was a significant negative relationship between average 
ratings on the transportation barriers scale and flourishing scale. This relationship was fully 
mediated by basic psychological needs fulfillment in transportation, meaning that the entire 
effect of transportation barriers on well-being was explained by participants' fulfillment of 
psychological needs (or lack thereof) in transportation. People with disabilities reported more 
difficulty with transportation barriers than people without disabilities, which was expected. They 
also reported lower fulfillment of psychological needs in transportation, as assessed by 
subjective measures of transportation experiences as a whole. On average, nondisabled 
participants did not experience direct or indirect effects of transportation barriers on well-being, 
but there was some variation in responses for both measures among participants without 
disabilities, suggesting that many of the same transportation problems and lack of fulfillment of 
needs impact some portion of the nondisabled population to a lesser degree. More research is 
needed to see if a small effect of these barriers on well-being for nondisabled participants can be 
detected in a larger sample, and also to explore additional universal problems in transportation 
that may impact fulfillment of these basic needs.  
To understand how thwarting or fulfillment of basic psychological needs relates to 





travel experiences than the survey offered. Participants were asked to record the obstacles and 
delays they encountered and their mood after their trip for their best and worst trips of the day for 
one week. When comparing these variables to the transportation barriers and basic needs 
fulfillment scales from participants' survey responses, some interesting patterns were revealed. 
Responses on the transportation barriers scale were related to mood but not related to fulfillment 
of basic psychological needs. The average number of obstacles encountered per day was also 
significantly related to the transportation barriers scale, which provides external validity to the 
measure. While disabled participants were expected to encounter more obstacles and delays, the 
data showed that they experienced more obstacles than nondisabled participants but fewer than 
half the number of delays. Nondisabled participants had worse moods than disabled participants 
during their worst trips, and disabled participants had worse moods than nondisabled participants 
during their best trips. When comparing the impact of the average number of obstacles and 
delays per day on overall moods between disabled and nondisabled participants, delays had a 
more pronounced impact on mood for nondisabled participants. This could mean that people 
with disabilities have different coping mechanisms for handling delays, but this would need 
confirmation with a larger sample in a future study. Nondisabled participants encountered very 
few obstacles on average (M = 0.00), so the relationship between transportation barriers and 
mood was only apparent for the disabled participants in the travel diary study.  
The transportation and well-being literature is still relatively new (Friman et al., 2018), 
but like the broader transportation literature, disability is given little attention. Despite the many 
qualitative studies of transportation frustrations for people with disabilities, as well as studies 
found in the geography literature about the various barriers to community access, we do not 





people with disabilities when compared to people without disabilities, including how their 
emotion regulation strategies may differ. While there has been a lot of research about the concept 
of resilience as a personality trait that may help people with disabilities buffer the negative 
emotional effects of their challenges, some scholars point to the evidence of external supports 
having a greater influence on developmental outcomes, as well as the potentially damaging 
social effects of perpetuating the idea that individuals who possess the right attitude can 
overcome the challenges of their disability without adequate social supports (Murray & Doren, 
2013). 
Relevance of the Research to Policy-Makers 
The relationship between transportation barriers and well-being was not apparent for 
nondisabled participants, meaning that some problems may only affect a minority of the 
population and do not get the policy attention they deserve. Applying the basic psychological 
needs framework to transportation accessibility policies offers the potential to explore problems 
in a new light and measure how deficiencies  negatively impact passengers' perceptions of 
transportation fulfilling their needs. Transportation barriers like distance to public transit, 
difficulty getting reliable service, communicating with and feeling respected by transit staff, 
finding information about service changes, and understanding signage, schedules, or maps were 
all problems that transit agencies can work to improve. The fulfillment of basic psychological 
needs could serve as an ongoing index of passenger satisfaction, but the application of the theory 
in policy-making could especially benefit riders with disabilities. Besides the obvious 
architectural barriers that negatively influence feelings of autonomy or competence, there are 
examples of policies that may discourage travel. One such example is of a long-standing NYCT 





common-sense safety measure, but some wheelchair users feel constrained by the straps, 
infantilized by the process, or fear that the straps create new safety issues when they are applied 
in non-uniform ways. Certain types of wheelchairs cannot be secured, invalidating the reasoning 
that it is a necessary precaution at all times, but passengers still have no say in the matter. While 
the ADA allows transit agencies to set their own policies in regards to securing passengers in 
wheelchairs, the securement requirement remains stubbornly in place. This led to an incident two 
years ago when a woman was trapped on a bus after an old securement strap rusted shut after she 
had resisted being strapped in to begin with (Yakas, 2018). When she publicly addressed the 
transit agency on Twitter to tell the story, she began with "I am writing this because it seems 
your policies are not created [to] recognize disabled patrons have agency and authority over their 
own bodies," and ended with a plea to "stop dehumanizing us and taking away our agency more 
than you already do." The use of the word agency twice in her letter showed a deep frustration 
with not being able to access a very basic psychological need for autonomy that passengers 
without disabilities often take for granted. When service is not reliable, a loss of control can also 
invoke a loss of autonomy, as can lacking the financial resources to afford transportation or to 
live in a neighborhood with adequate access to transportation. There was a particularly strong 
relationship between the barriers to autonomy subscale, fulfillment of autonomy measure, and 
well-being, meaning that of the three needs, autonomy may be the most important in the context 
of transportation.  
When it comes to accessing or understanding information, feelings of competence can be 
frustrated for passengers with and without disabilities alike. New York City Transit has not 
strayed much from its 50-year-old wayfinding system (Vignelli & Noorda, 1970) which relies 





stairways and perpendicular to tracks. International design standards have evolved to use less 
text and more pictograms in places where multiple languages are spoken (Tovey, 2012). 
Pictograms and other symbols also have the benefit of being legible to people with low-literacy 
or language processing disorders.  
Discrimination against passengers with disabilities and other minority groups by transit 
workers and fellow passengers may seem like too great of a social problem for transit agencies to 
address, but transit agencies still bear the costs when individuals travel less or use paratransit or 
private transportation to avoid negative interactions. Ultimately, transportation providers should 
be more concerned about reducing barriers and fulfilling basic psychological needs if they want 
to provide satisfactory travel experiences for their passengers, while understanding that each 
person's needs are impacted to different degrees by the social and environmental conditions of 
the transportation network. 
Limitations of the Current Research 
It is evident that disability needs greater consideration in the transportation literature, 
including updated ideas about which disabilities impact the use of transportation. The evidence 
offered here does not support any conclusions in this area, as a much greater sample size would 
be required to examine many types of disabilities together. People with developmental 
disabilities reported more transportation challenges in the first survey but responses from 
developmentally disabled participants might not have been adequately captured by questions 
about cognition in the second survey. Measures of severity and time since disability were not 
analyzed, but may provide greater insights into coping strategies among a larger sample. Future 
studies of transportation that consider disability should also aim to be inclusive of all disability 





While I aimed to create a universally applicable measure of transportation challenges, 
there are different problems based on the individual's unique circumstances that are difficult to 
generalize across geographic settings. Even in a place like New York City, which is likely to 
offer the greatest number of transportation options, there is a great deal of variation in how much 
of a mode choice individuals truly have access to. More research is needed to determine if values 
are missing due to other variables, such as geography, car ownership, or disability status in order 
to properly estimate appropriate imputed values. Because of the complexity of interactions 
between variables that influence the transportation-to-well-being relationship and the complexity 
of disability, a larger sample is needed to detect direct and indirect effects between these and 
other influential factors like socioeconomic status. 
Future Directions 
The data collection for this research took place pre-COVID-19, but the timing of this 
writing brings many questions to mind about mobility and accessibility in a post-pandemic 
world. Public transit agencies around the country are sustaining major financial losses while 
having to contend with reimagining service to allow for adequate social distancing (Osman, 
2020). NYCT was in dire financial trouble before the pandemic and is now relying on federal aid 
to get through the crisis (Hu & Goldbaum, 2020). Less than six months before the first confirmed 
coronavirus case in NYC, the MTA released a historic capital budget that was not only the 
largest budget in its history, but promised funding for accessibility improvements at 70 new 
subway stations, accounting for nearly 10% of the NYCT budget and promising to increase the 
percent of accessible stations in the system by more than 50% in five years. This came about 
after years of advocacy and activism from disability rights groups and federal and local lawsuits 





of human rights (Rosenberg, 2017). At this moment in time, there seems to be little certainty as 
to whether we will see this crucial access materialize in the next five years. There is no doubt 
that transit agencies will be forced to reimagine many aspects of their operations in the short-
term future while movement restrictions are necessary to slow the spread of the disease, and in 
preparation for the possibility of future pandemics. In the short-term, NYCT has implemented 
some changes, such as ending shared paratransit rides and collection of cash fare payments on 
buses and paratransit vehicles in order to limit exposure for transit operators, but a continued 
focus on long-term accessibility and public health improvements is necessary as the population 
ages. 
The wheelchair-strapping policy on buses is one example of how designing for the 
satisfaction of autonomy can lead to improvements for safety in the wake of the coronavirus. A 
self-securement device for passengers who use wheelchairs would increase autonomy for those 
passengers and improve safety by reducing the need for close passenger-to-driver interactions. 
Finding ways to fund essential public transit service without relying so heavily on fare payments 
would not only eliminate the need to touch surfaces and improve safety, but it would also 
improve autonomy and reduce the impact of income inequality on mobility while removing a 
host of other barriers to access for people with disabilities. These include opening shuttered 
subway entrances without fare gates, which would also allow for fewer elevators in stations with 
configurations that currently require a separate elevator from the street to a mezzanine instead of 
directly to the platform. It would also eliminate farecard payment systems, which are often 
inaccessible to people with vision disabilities, low literacy, language barriers, and other cognitive 
access challenges, as well as the need for training or instructions for different languages. It 





transportation that potentially thwarts feelings of competence. Fare-free transit would also 
improve relatedness by eliminating racial discrimination in the enforcement of fare payment, and 
the resulting burdens of enforcement that spill over to the court system.  
Fulfilling competence could include the development of information that does not 
currently exist, like station diagrams for transfer stations that connect multiple subway lines. To 
reduce the need to ask for help and further limit face-to-face interactions, transportation agencies 
could implement clear wayfinding design and real-time information about service changes that 
are accessible in audible, visible, and "individual" formats, like a smartphone app that can deliver 
necessary information in an adaptable format that people with different disabilities can access. 
This would need to be accompanied by technology and navigational skills training, to teach 
people with disabilities and transit operators to use new digital tools that are designed to make 
navigation easier and information easier to find, as well as to augment communication in 
situations where such barriers exist.  
The imperative of social distancing may negatively impact the fulfillment of relatedness 
in the short-term future. Some cities are seeing a rapid shift away from driving in favor of 
walking and cycling in the short term, but New York City has seen a loss of confidence in the 
safety of public transportation, an uptick in driving, and a struggle for more open streets, which 
could result in long-term travel behavior changes, and in changes to how people relate to others 
based on their mode choices. This time of change offers the opportunity for transportation 
agencies and policymakers to acknowledge basic psychological needs in transportation and 
figure out ways to fulfill these needs for passengers across the spectrums of age and disability.  
The pandemic also laid bare the possibilities of a work culture where moving is not 





white-collar workers shifted to working from home and now say they would prefer to work from 
home after the pandemic is over (Gallup, 2020). It is too soon to tell how and if this necessary 
short-term pattern will continue for work, education, and travel behaviors in the future, but it 
represents a possible sea change in attitudes towards remote work. These changes could also 
create opportunities for transit agencies to engage with more of their passengers. With attention 
to technology access needs, the widespread adoption of videoconferencing for meetings would 
accommodate people with disabilities and make it possible for transit agencies to hold open 
virtual meetings for a geographically dispersed public who experience time, distance, and 
financial constraints to civic engagement (Austermuhle, 2020). 
Conclusion  
Fulfillment of basic psychological needs is associated with intrinsic motivation and 
flourishing across many different domains, and transportation is no different. There is evidence 
of deficits in the social and built environments that thwart autonomy, relatedness, and 
competence in transportation, which has an indirect impact on well-being, especially for people 
with disabilities. These deficits can be addressed by understanding which transportation 
problems are associated with lower fulfillment of needs and reduced flourishing. By looking to 
motivational theories to explain how barriers and delays impact well-being, it is apparent that 
there are negative psychological impacts of transportation for people with disabilities beyond 
architectural access or affordability that have not been explored in the transportation and well-
being literature. Future research into travel behavior will benefit from incorporating disability 
questions into demographic measures to see where inequalities exist. Transportation planners and 
agencies should elevate accessibility considerations in their decision-making processes to better 










Appendix A. Survey 1 Measures 
 
Survey 1 Transportation Thwarting Basic Psychological Needs (TTBPN) Items (ɑ = .93) 
How would you rate the ease of using transportation for the following? 
Response scale: (1) Very Easy (2) Somewhat Easy (3) Somewhat Difficult (4) Very Difficult 
U = items for people living in an urban location, S = items for people living in a suburban or 
rural location  
Autonomy (ɑ = 0.93) 
* A1-T (U) Getting into vehicles without assistance 
* A1-T (S) Getting into cars or other vehicles without assistance 
* A2-T (U/S) Having transportation options 
A3-T (U) Getting reliable public transit service 
A4-T (U/S) Being able to afford transportation 
A5-T (U) The terrain or distance between home and bus stop or subway station 
A6-T (U) Getting frequent public transit in my neighborhood 
Relatedness (ɑ = 0.79) 
R1-T (U/S) Asking for help if I'm lost 
R2-T (U) Communicating with transit staff 
R3-T (U) Feeling like I'm too slow or in the way 
R4-T (U) Feeling respected by transit staff 
* R5-T (U/S) Asking friends or family for rides or to travel with me 
* R6-T (U) Getting access to designated facilities like seating, elevators, or restrooms 
* R6-T (S) Getting access to designated facilities like parking 
Competence (ɑ = 0.91) 
C1-T (U/S) Planning routes or scheduling rides 
C2-T (U) Navigating inside train or subway stations 
C2-T (S) Navigating to my destination 
C3-T (U) Finding information about service delays or changes 
* C4-T (U) Understanding information about service delays or changes 
* C5-T (U) Navigating to and from bus stops or subway stations 
C6-T (U/S) Understanding signage, schedules, or maps 







Survey 1 Modified BMPN Measure (ɑ = .76) 
Think about your daily trips during the last month. How much do you agree with these 
statements when you think about your overall travel experience? 
Response scale: (1) Strongly disagree to (5) Strongly agree 
Autonomy (ɑ = .70) 
A1-F (+) I was successful getting where I needed to go without problems 
A2-F (–) There were people telling me what I had to do. 
A3-F (+) I was able to go somewhere that interests me. 
A4-F (–) I had to do things against my will. 
Relatedness (ɑ = .48) 
R1-F (–) I felt disrespected by one or more people. 
R2-F (+) I felt a sense of contact with other people. 
R3-F (+) I felt connected with people I traveled with. 
R4-F (–) I felt lonely. 
Competence (ɑ = .51) 
C1-F (+) I was successful getting where I needed to go without problems 
C2-F (–) I experienced some kind of failure. 
C3-F (–) I experienced something that made me feel incompetent. 
C4-F (+) I was able to handle a challenging situation. 
 
Survey 1 Perceived Accessibility (PAC) scale (ɑ = .92) 
Please rate how much you agree with these statements: 
Response scale: (1) Strongly disagree (5) Strongly agree 
1. It is easy to do daily activities with the transportation options I have. 
2. If the transportation options I have now were my only options, I would be able to 
continue living the way I want. 
3. It is possible to do the activities I prefer with the transportation options I have. 
4. Access to my preferred activities is satisfying with the transportation options I 
have. 
 
Survey 1 Generalized Self-Efficacy scale (GSE) (ɑ = .89) 
Think about your daily transportation experiences and rate how much you agree with these 
statements. 
Response scale: (1) Strongly disagree (5) Strongly agree 
1. I am confident that I can deal efficiently with unexpected events. 
2. I can remain calm when facing difficulties because I can rely on my coping abilities. 





4. I can usually handle whatever comes my way. 
 
Survey 1 Questionnaire on Disability Identity and Opportunity (QDDIO) (ɑ = .56) 
How much do you agree with the following statements? 
Response scale: (1) Strongly disagree (5) Strongly agree 
1. (−) The biggest problem faced by people with disabilities is the attitudes of other people." 
2. (+) My disability is an important part of who I am. 
3. (−) It isn't easy for people with disabilities to be treated as "normal." 
4. (+) I am proud of my disability. 







Appendix B. Survey 2 Revised and New Measures 
 
Survey 2 Transportation Thwarting Basic Psychological Needs (TTBPN) Items (ɑ = .94) 
How would you rate the ease of using transportation for the following? 
Response scale: (0) This doesn't apply to me (1) very easy (2) moderately easy (3) neither easy 
nor difficult (4) moderately  difficult (5) very difficult 
U = items for people living in an urban location, S = items for people living in a suburban or 
rural location  
Autonomy (ɑ  = .91) 
* A1 (U/S) Having adequate options for transportation  
A2 (U/S) Being able to afford transportation 
A3 (U) Getting reliable public transit service 
* A4 (U) The terrain or distance between home and bus stop or subway station 
A5 (U/S) The distance I have to travel between home and places of interest  
A6 (U/S) Physical barriers between my home and work or other destinations  
Relatedness (ɑ  = .81) 
* R1 (U/S) Asking for help if I'm lost  
R2 (U) Communicating with transit staff  
R3 (U) Feeling respected by transit staff  
R4  (U/S) Getting access to designated facilities like seating, elevators, restrooms, or parking 
* R5 (U/S) Having the same transportation options as my peers 
R6 (U/S) Feeling like I'm part of a community when I'm travelling  
Competence (ɑ  = .84) 
C1 (U/S) Planning routes or scheduling rides 
C2 (U/S) Finding information about service delays or changes 
C3 (U/S) Navigating to unfamiliar places  
C4 (U/S) Understanding signage, schedules, or maps 
* indicates items that were removed for the final model  
 
Survey 2 Everyday Discrimination Items (ɑ = .87) 
In your day-to-day travels, how often have any of the following things happened to you? 
Response scale: (1) Never, (2) Less than once a year, (3) A few times a year, (4) A few times a 
month, (5) At least once a week, (6) Almost every day 
You are treated with less respect than other people. 
People act as if they think you are not smart. 
People act as if they're better than you are. 
You are called names or insulted. 
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Appendix C. Disability Measures 
Survey 1: Disability Measures 
1. Do you have one of the following disabilities? (check all that apply)
❏ Physical disability (ex. Difficulty walking, using arms or hands, limited stamina)
❏ Sensory disability (ex. Blindness, Deafness, sensitivity to noise or light)
❏ Mental health disability (ex. depression, anxiety, schizophrenia, bipolar disorder)
❏ Developmental disability (ex. Autism, learning disability, ADHD)
❏ Chronic condition (ex. Multiple sclerosis, Crohn's disease)
❏ Other
❏ None of the above
Physical disability follow-up questions 
2. Because of your physical disability, do you have difficulty with any of these? (check all
that apply)
❏ Walking
❏ Using arms or hands
❏ Limited stamina
❏ Other







4. What is the longest amount of time you can stand without getting tired?
❏ Less than 2 minutes
❏ Less than 5 minutes
❏ Less than 10 minutes





5. What type of developmental disability (or disabilities) do you have? 
 
6. What kind of chronic condition do you have?  
 
7. What type of sensory disability do you have? (check all that apply)  
❏ Blindness 
❏ Low vision 
❏ Deafness 
❏ Hearing loss 
❏ Sensitivity to noise 
❏ Sensitivity to light 
 
Visual disability follow-up questions 
 
8. How well do you read Braille?  
❏ I don't read Braille 
❏ I'm a beginner and can understand Braille on elevators or small signs 
❏ I have moderate skills and can read some sentences and paragraphs, but it is 
difficult 
❏ I have advanced skills and read most information in Braille 
 
9. Do you use any of these mobility aids? (check all that apply) 
❏ Mobility cane 
❏ Identification cane 
❏ Support cane 
❏ Miniguide 
❏ Guide dog 
❏ Other 
 
10. Which of these apply to you? 
❏ I have a cochlear implant 
❏ I use a hearing aid 
❏ I speak American Sign Language 
❏ None of the above 
 











12. How often does your disability impact these activities?   
Response scale (1) Never, (2) Not very often, (3) Sometimes, (4) Often, (5) Very 
often or always 
❏ Using transportation        
❏ Shopping or running other errands        
❏ Planning, organizing, or scheduling trips    
 
Follow-up questions for people who respond Sometimes, Often, or Always 
     
13. When you use transportation, do you think your disability makes it harder for you to do 
any of these things? (check all that apply) 
❏ Move around physically 
❏ Understand information 
❏ See or hear information 
❏ Be around people 
❏ Deal with frustration 
❏ Communicate with people 
❏ Other 
❏ None of the above 
 
14. Do you have a personal care assistant (PCA) to help you with day to day activities? 
❏ Yes, full-time 
❏ Yes, part-time 
❏ No, but I have a family member or friend who helps me 
❏ No 
❏ I'd rather not say. 
 
15. How often do you travel with a companion because of your disability? 
❏ Very often or always 
❏ Often 
❏ Sometimes 







16. For how many years has your disability impacted your daily life?  
 
17. Is your disability: 
❏ Temporary? 
❏ Permanent? 
❏ Variable (symptoms come and go)? 
 
Survey 2: Disability Measures 
1. How much are your daily activities limited because of ANY of these reasons? 
● blindness or low vision; 
● deafness or hard of hearing; 
● communication; mobility; 
● upper body functioning; 
● remembering or concentrating; 
● anxiety or depression; 
● pain; 
● fatigue 
❏ Severely limited 
❏ Limited but not severely 
❏ Not limited at all 
 
(Adapted from Washington Group Long-Form) 
2. Do you have difficulty doing these activities? 
Response scale: (0) No difficulty, (1) Some difficulty, (2) A lot of difficulty, (3) Cannot do 
it at all 
❏ Seeing, even if wearing glasses?       
❏ Hearing, even if using a hearing aid?       
❏ Walking or climbing steps?       
❏ Remembering or concentrating?       
❏ Communicating with your usual language, (for example understanding or being 
understood by others)? 






3. How often do you feel worried, nervous or anxious? 
Response scale: (0) Never, (1) A few times a year, (2) Monthly, (3) Weekly, (4) 
Daily 
 
3a. Thinking about the last time you felt worried, nervous or anxious, how would 
you describe the level of these feelings? 
Response scale: (1) A little, (2) Somewhere in between a little and a lot, (3) A lot 
 
4. How often do you feel depressed? 
Response scale: (0) Never, (1) A few times a year, (2) Monthly, (3) Weekly, (4) 
Daily 
 
4a. Thinking about the last time you felt depressed, how depressed did you feel? 
Response scale: (1) A little, (2) Somewhere in between a little and a lot, (3) A lot 
 
5. In the past 3 months, how often did you have pain? 
Response scale: (0) Never, (1) Some days, (2) Most days, (3) Every day 
 
5a. Thinking about the last time you had pain, how much pain did you have? 
(1) A little, (2) Somewhere in between a little and a lot, (3) A lot 
 
6. In the past 3 months, how often did you feel very tired or exhausted? 
Response scale: (0) Never, (1) Some days, (2) Most days, (3) Every day 
 
6a. Thinking about the last time you felt this way, how would you describe the 
level of tiredness? 
Response scale: (1) A little, (2) Somewhere in between a little and a lot, (3) A lot 
 
Additional Questions (repeated for each disability type) 
7. Is your disability :  
❏ Temporary? 
❏ Permanent? 
❏ Variable (comes and goes)? 
 
8. Have you had your disability since you were born? (Yes/No) 
 






Visual disability follow-up questions 
 
10. How well do you read Braille? 
❏ I don't read Braille 
❏ I'm a beginner and can understand Braille on elevators or small signs 
❏ I have moderate skills and can read some sentences and paragraphs, but it is 
difficult 
❏ I have advanced skills and read most information in Braille 
11. Do you use any of these for assistance getting around? (check all that apply) 
❏ Mobility cane 
❏ Identification cane (white cane or red and white cane) 
❏ Support cane 
❏ Miniguide 
❏ Guide dog 
❏ Other 
 
Hearing disability follow-up questions 
 
12. Do you use a hearing aid? (Yes/No) 
 
Communication disability follow-up questions 




Mobility disability follow-up questions 
 





14a. Which of these do you use for help for moving around? (check all that apply) 







❏ Wheelchair (manual) 
❏ Wheelchair or scooter (powered) 
❏ Artificial limb (leg/foot) 
❏ Someone’s assistance 
❏ Other (please specify): 
 
Cognitive disability follow-up questions 
15. Do you have difficulty remembering, concentrating, or both? 
❏ Difficulty remembering only, 
❏ Difficulty concentrating only 
❏ Difficulty with both remembering and concentrating 
15a. Do you have difficulty remembering: 
❏ A few things? 
❏ A lot of things? 
❏ Almost everything? 
 
15b. How often do you have difficulty concentrating? 
❏ Sometimes 
❏ Often 




Appendix D. PACO Survey 1 
The first travel diary allowed participants to choose whether to complete the survey once a day 
or three times per day.  
 
1. (3X) Have you traveled in the last 5 hours?  
(1X) Did you make at least one trip today? 
❏ Yes 
(1X)What times did you travel? 
❏ Morning (6am-noon) 
❏ Afternoon (noon-6pm) 
❏ Night (6pm-6am) 
❏ No 





❏ Working from home 
❏ Sick or not feeling well 
❏ Bad weather 
❏ No reason 
❏ Other 
❏ What was the other trip reason? (open text) 
  (1X) What is your mood like today?  
   
(3X) What has your mood been like for the past five hours?  
 
 
2. (3X) Which mode of transportation did you use? (check all that apply)  
(1X) Which modes of transportation did you use in the morning/afternoon/night? (check 











❏ What was the other mode of transportation? (open text) 
 
3. (3X) What was the reason for your trip or trips? 









❏ Walk, exercise, or get out of the house 
❏ Other 
❏ What was the other reason for your trip? (open text)  
4. (3X) Who were you traveling with? (check all that apply) 





❏ I traveled alone 
❏ Partner 
❏ Child or children 
❏ Mother 
❏ Father 
❏ Other family member(s) 
❏ Friend(s) 
❏ Coworker(s) or colleague(s) 
❏ Pet(s) 
❏ Other 
❏ Who was the other companion? (open text) 
5. (3X) Did you experience any obstacles or delays during your trip?  
(1X) Did you experience any obstacles or delays while traveling in the 
morning/afternoon/night? 
❏ Y 
❏ (3X) Describe the obstacles or delays you experienced while traveling 
(1X) Describe the obstacles or delays you experienced while traveling in 
the morning/afternoon/night: (open text) 
❏ (3X) How did you deal with the obstacles or delays? (open text) 
(1X) How did you deal with the obstacles or delays you experienced while 
traveling in the morning/afternoon/night? (open text) 
❏ N 
6. (3X) How did you feel after your trip? 
(1X) How did you feel after your morning/afternoon/night trip? 
❏ Why do you feel that way? 
7. (3X) Describe any memorable experiences while traveling in the last 5 hours. 







Appendix E. PACO Survey 2 
1. Did you make at least one trip today? 
 No 
1a. What are the reasons you stayed home today? 
❏ Working from home 
❏ Sick or not feeling well 
❏ Bad weather 
❏ No reason 
❏ Other 
- What was the other reason? 
1b. What was your mood like today?  
  
1c. Additional notes about your travel experience or this diary entry: 
 
Yes 
2. Did you make any of the following edits to your Google Maps Timeline? (check all that 
apply) 
❏ I confirmed places I visited 
❏ I added missing places I visited 
❏ I fixed incorrect places 
❏ I changed the times I was traveling 
❏ I changed the transportation mode 
❏ I changed the times I was at a place 
❏ I changed an address to a personal place 
❏ I didn’t make any changes to my timeline 
 
3. Was there any information in Google Maps you had difficulty editing? (Y/N) 
3a. (Yes) Please describe the information you had difficulty editing 
 
4. Did you use any modes of transportation you couldn't find in Google Maps? (Y/N) 
4a. (Yes) Which modes were you unable to find in Google Maps? 
❏ Access-A-Ride 
- Which trip number did you use Access-A-Ride for? (please enter a number) 
❏ Rode in a car as a passenger 
- Which trip number did you ride as a passenger in a car for? (please enter a 
number) 
❏ Used a scooter 
- Which trip number did you use a scooter for? (please enter a number) 
❏ Other  
- What was the other mode of transportation you used? (open entry) 






5. Which trip was your worst trip? (please enter a number based on your Google Timeline) 
 
6. How many minutes did your worst trip take? (please enter a number based on your 
Google Timeline) 
 
7. Who did you travel with during your worst trip? 
❏ I traveled alone 
❏ Partner 
❏ Child or children 
❏ Mother 
❏ Father 
❏ Other family member(s) 
❏ Friend(s) 
❏ Coworker(s) or colleague(s) 
❏ Pet(s) 
❏ Other  
- Who was the other travel companion?  
8. What was the main reason for your worst trip? 
❏ Home 
❏ Work, school, or volunteering 
❏ Shopping or other errands 
❏ Dining out 
❏ Medical or dental appointment 
❏ Social outing with family or friends 
❏ Fitness or exercise in a gym or other facility 
❏ Leisure and entertainment on your own 
❏ Community or religious gatherings 
❏ Transport someone else 
❏ For exercise or to get out of the house 
❏ Other  
- What was the other reason for your trip? 
9. Did you experience any obstacles or delays during your worst trip? 
❏ Yes, I experienced an obstacle 
9a. What kind of obstacles did you experience during your worst trip?  
(check all that apply) 
❏ Broken elevator or escalator 
❏ Bus stop, subway station, or station entrance was closed 
❏ Encountered a barrier while boarding a bus or train 
❏ Lack of parking for vehicle or bicycle 
❏ Missed communication about a transportation service change 





❏ Overcrowded bus or subway 
❏ Poor road or sidewalks 
❏ Problems with directions or navigating 
❏ Rain or snow that made travel difficult 
❏ Street closure, idle vehicle, or other obstacle that caused a detour 
❏ Other  
- What was the other obstacle you experienced?  
9b. (if any type of obstacle checked) How did you deal with the obstacles you 
encountered during your worst trip?  
❏ Asked someone for help to navigate around the obstacle 
❏ Braved the poor weather 
❏ Filed a complaint 
❏ Found a parking place farther away for a vehicle or bicycle 
❏ Navigated around the obstacle on my own 
❏ Took a different route than what I planned 
❏ Took extra caution with poor weather 
❏ Waited for a less crowded subway or bus 
❏ Waited for road traffic to navigate around a detour 
❏ Other  
- What was the other way you dealt with the obstacles? 
❏ Yes, I experienced a delay 
9c. What was the cause of the delay you experienced?  
❏ Car crash or other accident 
❏ Road traffic 
❏ Subway, bus, ferry, or paratransit was behind schedule 
❏ Weather-related delays 
❏ Other  
- What was the other delay you experienced? 
9d. (if any type of delay is checked) How did you respond to the delay? (check all 
that apply) 
❏ Changed my plans due to the delay 
❏ Filed a complaint 
❏ Found a way to entertain myself 
❏ Notified someone who was waiting for me about the delay 
❏ Rushed to catch another subway, bus, or ferry 
❏ Took the opportunity to rest or relax 
❏ Tried to be patient 
❏ Used a different mode of transportation 
❏ Waited through the delays 
❏ Other  





9e. (if obstacle or delay checked) How many minutes did the obstacles or delays  
 add to your trip? (please enter a number) 
 
❏ No, I didn't experience any obstacles or delays 
 
10. When thinking ONLY about your transportation experience, how did you feel after your 
worst trip? 
 
11. Are there any travel experiences you want to remember or share from your worst trip? 
 
12. Which trip was your best trip? (please enter a number based on your Google Timeline) 
 
13. How many minutes did your best trip take? (please enter a number based on your Google 
Timeline) 
 
14. Who did you travel with during your best trip? 
❏ I traveled alone 
❏ Partner 
❏ Child or children 
❏ Mother 
❏ Father 
❏ Other family member(s) 
❏ Friend(s) 
❏ Coworker(s)or colleague(s) 
❏ Pet(s) 
❏ Other  
- Who was the other travel companion? 
 
15. What was the reason for your best trip? 
❏ Home 
❏ Work, school, or volunteering 
❏ Shopping or other errands 
❏ Dining out 
❏ Medical or dental appointment 
❏ Social outing with family or friends 
❏ Fitness or exercise in a gym or other facility 
❏ Leisure and entertainment on your own 
❏ Community or religious gatherings 
❏ Transport someone else 
❏ For exercise or to get out of the house 





- What was the other reason for your trip? 
 
16. Did you experience any obstacles or delays during your best trip? 
Yes, I experienced an obstacle 
16a. What kind of obstacles did you experience during your best trip?  
 (check all that apply) 
❏ Broken elevator or escalator 
❏ Bus stop, subway station, or station entrance was closed 
❏ Encountered a barrier while boarding a bus or train 
❏ Lack of parking for vehicle or bicycle 
❏ Missed communication about a transportation service change 
❏ Obstacles on the sidewalk 
❏ Overcrowded bus or subway 
❏ Poor road or sidewalks 
❏ Problems with directions or navigating 
❏ Rain or snow that made travel difficult 
❏ Street closure, idle vehicle, or other obstacle that caused a detour 
❏ Other  
- What was the other obstacle you experienced?  
16b. How did you deal with the obstacles you encountered?  
❏ Asked someone for help to navigate around the obstacle 
❏ Braved the poor weather 
❏ Filed a complaint 
❏ Found a parking place farther away for a vehicle or bicycle 
❏ Navigated around the obstacle on my own 
❏ Took a different route than what I planned 
❏ Took extra caution with poor weathers 
❏ Waited for a less crowded subway or bus 
❏ Waited for road traffic to navigate around a detour 
❏ Other  
- What was the other way you dealt with the obstacles you experienced?  
 
❏ Yes, I experienced a delay 
16c. What was the cause of the delay you experienced? 
❏ 1 Car crash or other accident 
❏ Road traffic 
❏ Subway, bus, ferry, or paratransit was behind schedule 
❏ Weather-related delays 
❏ Other  
- What was the other delay you experienced?  





❏ Changed my plans due to the delay 
❏ Filed a complaint 
❏ Found a way to entertain myself 
❏ Notified someone who was waiting for me about the delay 
❏ Rushed to catch another subway, bus, or ferry 
❏ Took the opportunity to rest or relax 
❏ Tried to be patient 
❏ Used a different mode of transportation 
❏ Waited through the delays 
❏ Other  
- What was the other way you responded to the delay?  
16e. How many minutes did the obstacles or delays add to your trip?  
 (please enter a number) 
 
❏ No, I didn't experience any obstacles or delays 
 
17. When thinking ONLY about your transportation experience, how did you feel after your 
best trip? 
 
18. Are there any travel experiences you want to remember or share from your best trip? 
 






Appendix F. List of R Packages 
Packages for CFA and Mediation Analysis 
● lavaan (Rosseel et al., 2017) 
● mediation (Tingley et al., 2014) 
● MVN (Korkmaz et al., 2014) 
● semTools (Jorgenson et al., 2016) 
● semPlot (Epskamp, 2019) 
Packages for Other Statistical Functions 
● car (Fox & Weisberg, 2019) 
● gvlma (Peña & Slate, 2014) 
● lme4 (Bates et al., n.d.) 
● lmtest (Zeileis & Hothorn, 2002) 
● psych (Revelle, 2020) 
● rstatix (Kassambara, 2020) 
● sjPlot (Lüdecke, 2020) 
Packages for Visualizations, Data Cleaning, and File Management 
● broom (Robinson et al., 2020) 
● kableExtra (H. Zhu, 2019) 
● here (Müller, 2017) 
● renv (Ushey, 2020) 
● data.table (Dowle & Srinivasan, 2020) 





Online Repository and Supplemental Materials 
Anonymized data and analysis files can be found at https://github.com/jekaanne/dissertation 
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